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SHEN

Compound MIC {um]

S*QW ?US S.intermedius | faecalis E.Cﬁff P.acruginosa | E . . K.pneumoniag
| ATEEESY | 051997 ATCC29 | 210 | ppos SerOgenes
| 23 oo | 28922 EA289 KPC2-8T258

7b, ANT4 5200|200 200|200 | 200 100 100

7c, ANT44 | 50 200 200 |50 | 100 200 ~200

7d, ANTa44 125 | 25 200 |25 | 100 100 00

“7a, ANT-N-

oty 15200 | 200 =200 | >200 | »200 5200 | >200

6a, MOTU- | . . . T T T T T
CHa3 156 3.125 3125 | 1.56 |6.25 50 100

“Ba, MOTU-
N33

6b. MOTU-
- CHz-44

4b, MOTU44 100 50 ~200 100 100 50 100

4a, MOTU33 | 50 50 100 |50 |50 100 00

“Bb, MOTU-
N44
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Table2. Concentration of motuporamine derivatives necessary to restore doxyeycline activity
(2pug/mLb) against EA289, PAO1 ana KPC2 51258 Gram-negative bacterial strains.

7d, ANT444

4a, MOTUI3Z

ba, MOTU- CH>-33

T T N T N T T R I T I I I A S A A A

R I N A T I I A A A A S A S A T T R I T I A N

R R el

FEpr S N I D A A Y A N I N A N N D A S N S A Y iy 0 O S

R T R R A A A s

7b, ANT4

40

>40

40

7a, ANT-N-butyl

>40

>4()

>4

and 10ug/mbL (22.5um), respectively.

MICs of doxycycline against PAOT, EA289, KPC2ST258: 40ug/mL (90um), 20ug/mL (45um),
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FIG. 9

chloramphenicol, erythromycin, and cefepime activity (2ug/mL) against EA289, PAO1, and
KPC2 ST258.

| Compound PAO1 | EA289 KPC2 ST258

CHL [ERY [FEP |CHL |ERY [FEP |CHL [ERY |FEP

42, MOTU33 57|20 |nt 40 |40 |40 |40 |>40 | 40

" 4b, MOTU44 5 |40 | nt |40 | >40 |>40 |40 |40 | »40

| Ba, MOTU-N33 25 |10 |nt |20 |20 |20 |20 |40 | >40

| 8b, MOTU-N44 > >40 i nt | >40 40 >40 | 40 >40 | 40

6b, MOTU-CH2-44 25 |10 n.t. 20 20 >40 | 20 >4 >40

' CHL: chloramphenicol, ERY: e-rythmmyoi@n, FEP: cefepime, n.i.: not tested. MIC of FEF againsét
PAO1: 10 yg/mi. All other antibiotic/strain combinations: >100 ug/mL.
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MOTUPORAMINE DERIVATIVES AS
ANTIMICROBIAL AGENTS AND
ANTIBIOTIC ENHANCERS AGAINST
RESISTANT GRAM-NEGATIVE BACTERIA

BACKGROUND

Antimicrobial resistance threatens the prevention and
treatment of an ever-increasing range of infections caused
by bacteria, parasites, viruses, and fungi. An increasing
number ol governments around the world are devoting
cllorts to this problem, which 1s so serious that 1t threatens
the achievements of modern medicine. Far from being an
apocalyptic fantasy, a post-antibiotic era 1n which common
infections and minor injuries can kill 1s a real possibility for
the 21st century. A recent WHO report makes a clear case
that resistance to common bacteria has reached alarming
levels 1n many parts of the world, and that in some settings
few, 11 any, of the available treatment options remain eflec-
tive for common infections. Another important finding of the
report 1s that surveillance of antibacterial resistance is nei-
ther coordinated nor harmonized and there are many gaps in
information regarding bacteria of major public health impor-
tance.!"

The intensive use of antibiotics for the treatment of
numerous bacterial infections i1s one of the biggest health-
care advances in modern times. Nevertheless, their wide-
spread use has led to an increasing number of antibiotic-
resistant bacteria.'*! In particular, the emergence of Gram-
negative multidrug-resistant (MDR) bacteria, such as
Pseudomonas aeruginosa and Klebsiella pneumoniae, has
prompted eflorts to develop new classes of antibiotics and
chemosensitizers (molecules to promote an increase in the
internal antibiotic concentration 1n resistant strains). Thus,
diseases caused by MDR Gram-negative bacteria are
increasing worldwide,”>°*! and the emergence of pan drug-
resistant (PDR) bacteria (resistant to all classes of antibiotics
and to quaternary ammonium disinfectants)®! appears to
have reached a point of no retum.'*”! A great concern has
been noticed 1n the medical community, as numerous recent
clinical reports have confirmed that Gram-negative bacteria
have developed resistance to polymyxins, the last eflicient
therapy against PDR Gram-negative bacteria.!> '

An appealing target 1s the unique structure of the bacterial
membrane, which 1s highly conserved among most species
of Gram-negative bacteria, and forms an effective barrier to
many types of antibiotics.!''! Indeed, the acquisition of
resistance to membrane-active antibiotics has likely required
major changes in membrane structure. Ironically, modifica-
tions to the bacterial membrane to escape membrane-target-
ing antibiotics might increase the permeability of the barrier
and actually increase the susceptibility of the bacteria to
hydrophobic antibiotics.

It 1s well established that most immune responses to
Gram-negative bacteria involve recognition of lipopolysac-
charides (LPS) and their lipid-A anchors, which constitute
the major components of the outer membrane."*'"! The
permeability barrier of the outer membrane 1s due to the
cross-bridging electrostatic interactions between lipid-A
molecules and divalent cations such as calcium or magne-
sium.!**! Tt was speculated that cationic peptides!'® and
polyamines!" ™! could out-compete these divalent cations for
their membrane binding sites and disrupt the outer mem-
brane organization, thereby increasing permeability.
Because of the promising applications of polyamine deriva-
tives in medicine,*°*%! a series of hydrophobic polyamine
derivatives have been evaluated for their ability to target the
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2

membrane stability of Gram-negative bacteria and increase
the sensitivity of these bacteria to known antibiotics.

SUMMARY

The motuporamines (originally 1solated from the marine
sponge Xestospongia exigua)>>! were selected because their
amphiphilic architectures comprise a large hydrophobic
macrocycle with an appended polyamine motif (1-3,
Schemel, FIG. 6). A series of motuporamine derivatives
(4-6) was prepared®**>! along with a series of related
anthracenyl-polyamine denivatives (7a-d). These amphiphi-
lic polyamines have large hydrophobic substituents to facili-
tate interaction with the bacterial membrane.

Here, 4-6 and 7a-d were screened for their in wvitro
antimicrobial activities and antibiotic-enhancement proper-
ties against resistant Gram-negative bacteria. The mecha-
nism ol action of this class of derivatives was also tested
against Enterobacter aerogenes (EA289) by using tluores-
cent dyes, 1n order to evaluate changes 1n outer-membrane
depolarization and permeabilization.

In addition, compounds 8a, 8b, 9a, 9b, 10, 11a, 11b, 1lc,
12a, and 13, structures provided below are included as
agents to alleviate antibiotic resistance.

In addition, cholic acid has been shown to assist the
orientation of membrane-disrupting agents (REF: Biocon-
jugate Chem. 2016, 27, 2850-2833) and according to
another embodiment, a special fifteen membered macro-
cycle of the motuporamine scatlold was used to design and
produce new membrane targeting compounds (e.g., 16a-c)
as antibiotic agents or as adjuvants for known antibiotics or
as potential anti-metastatic agents for oncologic applica-
tions.

In addition, another motuporamine derivative antibiotic
agent disclosed herein 1s compound 30.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 The effect of squalamine (100 ug/ml.), spermine
(100 ug/mL), and 5b (MOTU-N44, 100 ng/mL) on ATP
release kinetics for Gram-positive bacteria S. aureus.

FIG. 2 Depolarization of the bacterial membrane of S.
aureus 1n the presence of 2.6 and 5.2 uM squalamine,
spermine, or Sb (MOTU-N44).

FIG. 3a) Outer-membrane permeabilization detected by
nitroceflin hydrolysis, in a dose- and time-dependent man-
ner.

FIG. 3b) Dose-dependent inner-membrane depolarization
quantified by the release of D1SC,(5).

FIG. 3¢) Membrane disruption revealed by ATP efllux.

FIG. 3d) Inhibition of glucose-triggered 1,2'-diNA release
via eflux pumps.

FIG. 4 Time-kill curves of 5b (MOTU-N44, 4xMIC) over
4 h against EA289 bacteria.

FIG. 5 Cell viability of EA289 1n the presence of 3b
(MOTU-N44, 4xMIC).

FIG. 6 Schemel Motuporamine compounds 1-6, anthra-
cenyl compounds 7, squalamine 8, and spermine 9.

FIG. 7 Table 1-MIC of motuporamine derivatives against
various bacterial strains.

FIG. 8 Table 2-Concentration of motuporamine deriva-

tives necessary to restore doxycycline activity (2 ug/mlL)
against EA289, PAO1 and KPC2 ST238 Gram-negative
bacterial strains.
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FIG. 9 Table 3-Concentration of the motuporamine
derivative [um] required to restore chloramphenicol, eryth-
romycin, and cefepime activity (2 ug/ml) against EA289,
PAO1, and KPC2 ST258.

DEFINITIONS

The term “administration” and variants thereof (e.g.,
“adminmistering” a compound) 1n reference to a compound of
the invention means 1ntroducing the compound or a prodrug,
of the compound into the system of the animal in need of
treatment. When a compound of the invention or prodrug
thereot 1s provided 1n combination with one or more other
active agents, “admimistration” and 1ts variants are each
understood to include concurrent and sequential 1ntroduc-
tion of the compound or prodrug thereol and other agents.

The term “antibiotic” or “conventional antibiotic” refers
to anftibiotic agents historically used to treat bactena.
Examples of conventional antibiotics include, but are not
limited to, amoxicillin, doxycycline, erythromycin,
chloramphenicol, cephalexin, ciprofloxacin, clindamycin,
methicillin, metromdazole, penicillin, rifampicin, azithro-
mycin, sulfamethoxazole/trimethoprim, amoxicillin/clavu-
lanate, levofloxacin, or vancomycin. Other examples of
conventional antibiotics include Ampicillin, Vancomycin,
Gentamicin, Tetracycline, Rifampin, Norfloxacin, Rifaxi-
min, Tigecycline, Furazolidone, Triclosan, Cefoperazone,
Silver sulfadiazine, Dapsone, Gemifloxacin, Sulfadimidine,
Enoxacin, Sulfisoxazole, Ceftolozane, Prontosil, Sulfapyri-

dine, Sulfamerazine, Grepafloxacin, Sulfamethoxy-
pyridazine, Sulfalene, Acetic acid/hydrocortisone, Sulia-
phenazole, Sulfametoxydiazine, Sulfamoxole,

Sulfabenzamide, Sulfametrole, Viridicatumtoxin B, Sulfa-
metomidine, Sulfaperin, or Sulfathiourea.

The term “coadministering” or “concurrent administra-
tion”, when used, for example with respect to administration
of a polyamine compound along with administration of a
antibiotic refers to admimistration of the polyamine com-
pound and the antibiotic such that both can simultaneously
achieve a physiological eflect. The two agents, however,
need not be administered together. In certain embodiments,
administration of one agent can precede administration of
the other, however, such coadministering typically results in
both agents being simultaneously present 1n the body (e.g. in
the plasma). Coadministration allows for administration at a
significant fraction (e.g. 20% or greater, preferably 30% or
40% or greater, more preferably 50% or 60% or greater,
most preferably 70% or 80% or 90% or greater) of their
maximum serum concentration for any given dose to still
cnable therapeutic etlicacy.

The term “therapeutically eflective amount” as used
herein means that amount of active compound or pharma-
ceutical agent that elicits the biological or medicinal
response 1n a tissue, system, animal or human that 1s being,
sought by a researcher, veterinarian, medical doctor or other
clinician. In reference to a microbial infection, an eflective
amount comprises an amount suilicient to kill or inhibit the
growth and replication of the microbe. In some embodi-
ments, an eflective amount 1s an amount sutlicient to delay
development. In some embodiments, an effective amount 1s
an amount suflicient to prevent or delay occurrence and/or
recurrence. An eflective amount can be administered 1n one
or more doses.

As used herein, “treatment” refers to obtaining beneficial
or desired clinical results. Beneficial or desired clinical
results include, but are not limited to, any one or more of:
alleviation of one or more symptoms, diminishment of
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4

extent of infection, stabilization (1.e., not worsening) of the
state of infection, preventing or delaying spread of the

disease (such as pathogen growth or replication), preventing
or delaying occurrence or recurrence of the disease, delay or
slowing of disease progression and amelioration of the
disease state. The methods of the mnvention contemplate any
one or more of these aspects of treatment.

A “subject 1n need of treatment” 1s a mammal with a
microbial infection that i1s life-threatening or that impairs
health or shortens the lifespan of the mammal.

A “pharmaceutically acceptable” component 1s one that 1s
suitable for use with humans and/or amimals without undue
adverse side eflects (such as toxicity, irritation, and allergic
response) commensurate with a reasonable benefit/risk ratio.

A “pharmaceutically acceptable carrier” 1s a carrier, such
as a solvent, suspending agent or vehicle, for delivering the
compound or compounds in question to the animal or
human. The carrier may be liquid or solid and 1s selected
with the planned manner of administration 1n mind. Lipo-
somes are also a pharmaceutical carrier. As used herein,
“carrier” includes any and all solvents, dispersion media,
vehicles, coatings, diluents, antibacterial and antifungal
agents, 1sotonic and absorption delaying agents, builers,
carrier solutions, suspensions, colloids, and the like. The use
of such media and agents for pharmaceutical active sub-
stances 1s well known 1n the art. Except insofar as any
conventional media or agent 1s incompatible with the active
ingredient, 1ts use in the therapeutic compositions 1s con-
templated. Such pharmaceutical carriers can be sterile lig-
uids, such as water and oils, including those of petroleum,
amimal, vegetable or synthetic origin, such as peanut oil,
soybean o1l, mineral o1l, sesame o1l and the like. Water 1s a
preferred carrier when the pharmaceutical composition 1s
administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as
liquid carriers, particularly for injectable solutions. Suitable
pharmaceutical excipients include starch, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium
stearate, glycerol monostearate, talc, sodium chloride, dried
skim milk, glycerol, propylene, glycol, water, ethanol and
the like. The composition, 1f desired, can also contain minor
amounts of wetting or emulsifying agents, or pH bullering
agents. These compositions can take the form of solutions,
suspensions, emulsion, tablets, pills, capsules, powders,
sustained-release formulations and the like. The composi-
tion can be formulated as a. suppository, with traditional
binders and carriers such as triglycerides. Oral formulation
can 1nclude standard carriers such as pharmaceutical grades
of mannitol, lactose, starch, magnesium stearate, sodium
saccharine, cellulose, magnesium carbonate, etc, Examples
of suitable pharmaceutical carriers are described 1n “Rem-
ington’s Pharmaceutical Sciences™ by E. W. Martin. Such
compositions will contain a therapeutically effective amount
of the compound together with a suitable amount of carrier
so as to provide the form for proper administration to the
patient. The formulation should suit the mode of adminis-
tration.

DETAILED DESCRIPTION

It has been discovered that certain lipophilic polyamines
can serve as antimicrobial agents or as antibiotic enhancers.
In addition, the compounds described herein can ameliorate
antibiotic resistance of many antibiotics against microbes
such as bacteria, and Gram-negative bacteria 1n particular.
Examples of compounds useful for this purpose include
those of the following formula:
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( <)n X—Y—(CH,) NH—(CH;),NR R,

where n=1-13; X=N or CH; Y=CH, or N; a=0-8; b=0-8;
R,=H or alkyl (e.g., Me or Et or 1-Pr or propyl or butyl or
t-butyl) or alkylamino (e.g. (CH,) NH,, where m=2-8) or
alkyl-N-alkylamino (e.g., (CH,) NHMe, where m=2-8) or
alkylpolyamino (e.g., (CH,), ,NH(CH,) NHR, where m and
p=2-8 and R=H or alkyl).

Another aspect of the mvention i1s 1n the formula:

(< \X—Y
-/

where n=1-13; X=N or CH; Y=alkylalcohol ((e.g.
(CH,), OH, where m=2-8) or alkyl-O-alkylamino (e.g.,
(CH,), OMe, where m=2-8) or polyether (e.g., (CH,) O
(CH,),OH or polyvinylether), or or alkylamide (e.g.,
(CH,) NHCOCH,, where m=2-16) or when X=CH the
macrocycle 1s attached to Y which 1s either an amine or
amide linkage connecting a cholic acid derivative (—INH
(CH,) NH-cholic acid scaflold, where z=2-16, see example
structures 16a-c below) or a pharmaceutically acceptable
salt thereof.

Specific examples of such lipophilic polyamines include
4a, 4b, 5a, 5b, 6a, 6b, 7a, 7b, 8a, 8b, 9a, 9b, 10, 11a, 11b, 11c,
12a, and 15 described further herein. According to further
specific embodiments, fifteen membered rings as either
carbocycles or N-based heterocycles are implemented.

Specific Examples

X—Y — (CH,),NH— (CH,);NR,R,

7T

H,N
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45

4a: X=N; Y=CH,; a=2; b=3;

4b: X=N; Y=CH,; a=3; b=4;

4c: X=N; Y=CH,; a=2; b=3;

4d: X=N; Y=CH,; a=3; b=4;

4e: X=N; Y=CH,; a=2; b=3;

41: X=N; Y=CH,; a=3; b=4; R,=R.=Me

da: X=CH; Y=N; a=3; b=3; R,=R,=H

Sh: X=CH; Y=N; a=4; b=4; R,=R,=H

dc: X=CH; Y=N; a=3; b=3; R,=Me¢; R,=H

S5d: X=N; Y=CH2; a=2; b=3; R,=Me; R,=H

Se: X=CH; Y=N; a=3; b=3; R,=R,=Me

St: X=CH; Y=N; a=4; b=4; R,=R,=Me

6a: X=CH; Y=CH,; a=0; b=3; R,=(CH,);NH,; R,=H

6b: X=CH; Y=CH,; a=0; b=4; R,=(CH,),NH,; R,=H

6¢c: X=CH; Y=CH,; a=0; b=3; R,=(CH,),NH,; R,=H

6d: X=CH; Y=CH,; a=0; b=4; R,=(CH,);NH,; R,=H

6¢: X=CH; Y=CH,; a=0; b=3; R,=(CH,),NHMe; R,=H

61: X=CH; Y=CH,; a=0; b=4; R,=(CH,);NHMe; R,=H

6g: X=CH; Y=CH,; a=0; b=4; R,=(CH,);NHMe; R,=H

6h: X=CH; Y=CH,; a=0; b=4; R,=(CH,),NHMe; R,=H

61: X=CH; Y=CH,; a=0; b=3; R,=(CH,),NH(CH2),NH,;
R.=H

61: X=CH; Y=CH,; a=0; b=3; R,=(CH,, ),NH(CH2),NHMe;
R.,=H

11a: X=CH; Y=CH,; a=0; b=2; R,=(CH,),NH,; R,=H

11b: X=CH; Y=CH,; a=0; b=2; R,=R.,=H

11c: X=CH; Y=CH,; a=0; b=2; R,=(CH,),NH(CH2),NH,;
R.=H

Other examples include:

N

C o

where G=(CH,)_ where x=0-12 and Y 1s an attached cholic
acid via an amide or amine linkage

OH
OH

OH

cholic acid derivative
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-continued
16a
H
N _N
Y~
O OH
OH A‘
OH
16b
H
E\M/N
O OH
OH
OH
16¢
H
N
O O OH
OH
OH
z=2-16
Moreover, another example 1includes the following: 40 sulfamethoxazole/trimethoprim,  amoxicillin/clavulanate,
levotloxacin, or vancomycin or a combination thereof. In
addition to the preceding, or alternatively, the antibiotic
S0 includes Ampicillin, Vancomycin, Gentamicin, Tetracycline,
Chloramphenicol, Rifampin, Norfloxacin, Rifaximin, Tige-
45

N/\/\N/\/\NHZ
H

NN

2

50

According to certain embodiments, provided 1s a method
of treating a microbe infection, or reducing antibiotic resis-
tance ol microbes comprising contacting said microbes with
an eflective amount of one or more compounds selected
from the group consisting of 4a, 4b, 5a, 5b, 6a, 6b, 7a, 7b,
8a, 8b, 9a, 9b, 10, 11a, 11b, 1le, 12a, 15, 16 and 50.

Another embodiment pertains to a method of treating an
infection 1n a subject comprising coadministering an eflec-
tive amount of one or more compounds selected from the
group consisting of 4a, 4b, Sa, 5b, 6a, 6b, 7a, 7b, 8a, 8b, 9a,
Ob, 10, 11a, 11b, 11e, 12a, 15, 16 and 50; and an effective
amount of an antibiotic. The antibiotic may include amoxi-
cillin, doxycycline, erythromycin, chloramphenicol, cepha-
lexin, ciprofloxacin, clindamycin, methicillin, metronida-
zole, penicillin, rifampicin, azithromycin,

55

60

65

cycline, Furazolidone, Triclosan, Cefoperazone, Silver sul-
tadiazine, Dapsone, Gemifloxacin, Sulfadimidine, Enoxa-
cin, Sulfisoxazole, Celftolozane, Prontosil, Sulfapynidine,
Sulfamerazine, Grepafloxacin, Sulfamethoxypyridazine,
Sulfalene, Acetic acid/hydrocortisone, Sulfaphenazole, Sul-
fametoxydiazine, Sulfamoxole, Sulfabenzamide, Sulfame-
trole, Viridicatumtoxin B, Sulfametomidine, Sulfaperin, or
Sulfathiourea, or a combination thereof.

Other embodiments pertain to a composition comprising,
a combination of an eflective amount of one or more
polyamine compounds selected from the group consisting of
4a, 4b, Sa, 5b, 6a, 6b, 7a, 7b, 8a, 8b, 9a, 9b, 10, 11a, 11b, 11e,
12a, 15, 16, and 50; and an effective amount of an antibiotic.
The composition may further include a pharmaceutically
ellective carrier. The one or more compounds may include
derivatives or pharmaceutically acceptable salts thereof.

Combining one or more polyamine compounds with
antibiotics as taught herein enables the reduction 1n doses of
both the polyamine compound and antibiotic to ameliorate
potential adverse side eflects. Accordingly, methods that
involve the coadministering of compounds or compositions
comprising a combination can be provided wherein the
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antibiotic 1s effective at a lower dosage in combination with
the one or more compounds than without the one or more
compounds.

Appendix A 1s provided as background information con-
cerning the structures and methods of making polyamine
compounds described herein. Appendix B sets forth further
data and information on polyamine compounds that can be
used as antimicrobials or antibiotic enhancers as described
herein. Further background information regarding

polyamine compounds useful as antimicrobials or antibiotic
enhancers 1s found at U.S. Pat. Nos. 9,346,741; 9,212,131;

9,150,495, 8,497,398, 7,910,363; 7,728,041, 7,728,040; and
7,001,925, The disclosures of any references cited herein are
incorporated 1n their entirety herein to the extent not incon-
sistent with the teachings herein.

In a broader context, what 1s contemplated 1s the use of the
compounds of the invention to attenuate antibiotic resistance
and/or bacterial virulence. In one embodiment, the com-
pound or compounds are a component of a composition and
have ellicacy to inhibit antibiotic resistance and/or bactenal
virulence, preferably of Gram negative bacteria, such as, for
example, P. aeroginosa. Preterably these compositions com-
prise a lipophilic polyamine, or derivatives thereof, or
pharmaceutically acceptable salts thereof. In another
embodiment procedures are contemplated comprising
administering lipophilic polyamines or derivatives, or the
compositions to an individual who 1s free ol bacterial
disease. Preferably, administration 1s 1n advance of an antici-
pated health-related procedure known to increase suscepti-
bility to a Gram negative bacteria, and preferably, P. aerogi-
nosa pathogenicity, for example, 1n advance of a surgical
procedure, including dental procedures, especially proce-
dures mvolving implants, or msertion of catheters or other
devices. In yet another embodiment, it 1s contemplated to
contact surfaces of work areas, medical instruments, medical
devices and the like with the compositions of the mnvention
in order to attenuate the antibiotic resistance and/or viru-
lence of a Gram negative bacteria, such as P. aeroginosa,
that might come into contact with these surfaces.

In another aspect of the mmvention, embodiments pertain to
deploying the compounds of the invention to prevent the
tailure of devices that are prone to fouling by biofilms. These
compounds are useful in industrial settings and in contexts
requiring medical implants. The compounds of the invention
may be admimstered 1n the liquid phase, may be embedded
in materials used for production of such devices, or may coat
such devices resulting 1n products that are inately resistant
to biofilms. These compounds also may be used to inhibit
biofilms from forming in situations where liquids are tlow-
ing, as, for example, through pipes, pipelines, tubing, water
cooling systems, stents or filtration devices.

Indications

Gram negative bacteria are typically free-living organ-
1sms often found in soi1l and water, and play an important
role 1n decomposition, biodegradation, and the C and N
cycles. However, many Gram negative bacteria are patho-
genic. Examples of Gram negative bacteria that can be
inhibited by compounds of the ivention, include, but are
not limited to Burkholderia cepaci, C. violaceum, harveyi,
Staphyviococcus including but not limited to, S. aureus and S.
intermedius, Pseudomonas, including, but not limited to
Pseudomonas aeruginosa, Neisseria gonorrhoeae, Neis-
seria meningitidis, Borvdetella pertussis, Haemophilus influ-
enzae, Legionella pneumophila, Brucella, Francsella,
Xanthomonas, Agrobacterium, enteric bacteria, such as
Escherichia coli and 1ts relatives, Enterobacter aervogenes,
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the members of the family Enterobacteriaceae, such as
Salmonella and Shigella, Proteus, and Yersinia pestis.

For example, Gram negative bacteria often cause oppor-
tunistic infections in i1mmune-compromised or 1mmune-
suppressed individuals. One example of such a bacteria 1s P,
aeruginosa. These infections are spread by heath care work-
ers or patients to surfaces, machinery or instruments 1in
health care facilities. P. aeruginosa typically infects the
pulmonary tract, urinary tract, burns, and wounds. P. aerugi-
nosa also causes catheter-associated infections, blood infec-
tions, middle ear infections, formation of dental plaque,
gingivitis, chronic sinusitis, endocarditis, coating of contact
lenses, and 1nfections associated with implanted devices, for
example, catheters, joint prostheses, prosthetic cardiac
valves and intrauterine devices. P. aeruginosa causes inifec-
tions of the central nervous system, gastrointestinal tract,
bones, joints, ears and eyes. The compounds or compound
compositions of the mvention can be used to treat these
infections and conditions.

Specifically, the compound or compound compositions of
the invention can be administered alone or in combination
with conventional antibiotics, to treat, inhibit, and/or ame-
liorate infections including opportunistic infections and/or
antibiotic resistant bacterial infections caused by gram nega-
tive bacteria. Examples of such opportunistic infections,
include, but are not lmited to P aeruginosa. or poly-
microbial infections of P. aeruginosa with, for example,
Staphviococcus aureus or Burkholderia cepacia. Examples
ol patients, who may acquire such opportunistic and/or
resistant infections include, but are not limited to patients
who are immune-compromised or immune-suppressed, who
have cystic fibrosis or HIV or who have implanted medical
devices, subcutaneous devices or who are on ventilators,
patients who have been intubated or who have catheters,
nosocomial infections, patients who are undergoing bone
marrow transplant or other types of surgery, including, but
not limited to dental surgery and patients who are intrave-
nous drug users, especially with regard to heart valve
infection.

Burns and/or other traumatic wounds as well as common
or uncommeon infections can also be prophylactically treated
and/or ameliorated by administration of the compound or
compound compositions. Examples of such wounds and
infection disorders include, but are not limited to puncture
wounds, radial keratotomy, ecthyma gangrenosum, osteo-
myelitis, external otitis or dermatitis.

In one embodiment, the compound or compound compo-
sitions of the mvention can be administered to treat, prevent,
and/or ameliorate pulmonary infections. More preferably,
the compound or compound compositions of the invention
can be admimstered to treat, prevent, diagnose, and/or
ameliorate pneumonia. More preferably, the compound or
compound compositions of the mvention can be adminis-
tered to treat, prevent, and/or ameliorate lung infections,
such as pneumonia, 1n cystic fibrosis patients. More prefer-
ably, the compound or compound compositions of the inven-
tion can be administered to treat, prevent, and/or ameliorate
Gram negative infections such as by P. aeruginosa in cystic
fibrosis patients. Pneumonia can be caused by colonization
of medical devices, such as ventilator-associated pneumo-
nia, and other nosocomial pneumoma, and the compound or
compound compositions of the mvention can be adminis-
tered to treat and/or prevent these types of pneumonia or
bactenal infections as well.

Additionally, the compound or compound compositions
of the mvention can be administered to treat and prevent
septic shock. More preferably, the compound or compound
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compositions of the invention can be administered to treat,
prevent, and/or ameliorate septic shock in neutropenic,
immune-compromised, and/or immune-suppressed patients
or patients infected with antibiotic resistant bacteria, such as,
for example, antibiotic resistant P. aeruginosa.

Additionally, the compound or compound compositions
of the invention can be administered to treat, prevent, and/or
ameliorate urinary tract or pelvic infections. In another
preferred embodiment, the compound or compound compo-
sitions of the mvention can be administered to treat, prevent,
and/or ameliorate gastrointestinal infections, such as necro-
tizing enterocolitis, often seen in premature infants and/or
neutropenic cancer patients.

Additionally, the compound or compound compositions
of the invention can be administered to treat, prevent, and/or
ameliorate urinary dysenteriae (for example, dysenteria
caused by bacillary dysentery), food poisoning and/or gas-
troenteritis (for example, caused by Salmonella enterica),
typhoid fever (for example, caused by Salmonella typhi),
whooping cough (or pertussis) as 1s caused by Bordetella
pertussis, Legionnaires’ pneumonia, caused by Legionella
preumophila, sexually transmitted diseases, such as gonor-
rhea, caused by Neisseria gonorrhoeae, or meningitis,
caused by, for example, Neisseria meningitidis or Haemo-
philus influenzae, brucellosis which 1s caused by brucellae,
and more specifically, Brucella abortus.

Formulations and Methods of Administration

The mnvention provides methods of treatment, inhibition
and prophylaxis by administration to a subject of an effective
amount of the compound or a pharmaceutical composition
of the invention. In a preferred aspect, the compound 1is
substantially purified (1.e., substantially free from substances
that limait 1ts eflect or produce undesired side-eflects). The
subject 1s preferably an animal, and preferably a mammal,
including but not limited to animals such as cows, pigs,
horses, chickens, cats, dogs, etc., and 1s most preferably a
human.

Pharmaceutically acceptable salts may be obtained using
standard procedures well known 1n the art, for example by
reacting a sufliciently basic compound such as an amine with
a suitable acid atffording a physiologically acceptable anion.
Alkali metal (for example, sodium, potasstum or lithium) or
alkaline earth metal (for example calcium) salts of carbox-
ylic acids can also be made.

The compounds of the present invention can be formu-
lated as pharmaceutical compositions and administered to a
patient, such as a human patient, in a variety of forms
adapted to the chosen route of administration, e.g., orally or
parenterally, by intravenous, intramuscular, topical, or sub-
cutaneous routes.

Thus, the present compounds may be systemically admin-
istered, e.g., orally, 1n combination with a pharmaceutically
acceptable vehicle such as an mert diluent or an assimilable
edible carrier. They may be enclosed 1n hard or soft shell
gelatin capsules, may be compressed into tablets, or may be
incorporated directly with the food of the patient’s diet. For
oral therapeutic administration, the active compound may be
combined with one or more excipients and used 1n the form
of ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, walers, and the like. The amount of
active compound 1n such therapeutically useful composi-
tions 1s such that an effective dosage level will be obtained.

The tablets, troches, pills, capsules, and the like may also
contain the following: binders such as gum tragacanth,
acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato
starch, alginic acid and the like; a lubricant such as magne-
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sium stearate; and a sweeteming agent such as sucrose,
fructose, lactose or aspartame or a tlavoring agent such as
peppermint, o1l of wintergreen, or cherry flavoring may be
added. When the unit dosage form 1s a capsule, it may
contain, 1 addition to materials of the above type, a liquid
carrier, such as a vegetable o1l or a polyethylene glycol.
Various other materials may be present as coatings or to
otherwise modily the physical form of the solid unit dosage
form. For 1nstance, tablets, pills, or capsules may be coated
with gelatin, wax, shellac or sugar and the like. A syrup or
clixir may contain the active compound, sucrose or fructose
as a sweetening agent, methyl and propylparabens as pre-
servatives, a dye and flavoring such as cherry or orange
flavor. Of course, any material used 1n preparing any unit
dosage form should be pharmaceutically acceptable and
substantially non-toxic 1in the amounts employed. In addi-
tion, the active compound may be incorporated 1nto sus-
tained-release preparations and devices.

The active compound may also be administered intrave-
nously or intraperitoneally by infusion or injection. Solu-
tions of the active compound or its salts can be prepared in
water or other suitable solvent, optionally mixed with a
nontoxic surfactant. Dispersions can also be prepared in
glycerol, liquid polyethylene glycols, triacetin, and mixtures
thereof and 1n oils. Under ordinary conditions of storage and
use, these preparations contain a preservative to prevent the
growth of microorganisms.

The pharmaceutical dosage forms suitable for 1njection or
infusion can include sterile aqueous solutions or dispersions
or sterile powders comprising the active ingredient which
are adapted for the extemporaneous preparation of sterile
injectable or infusible solutions or dispersions, optionally
encapsulated in liposomes. In all cases, the ultimate dosage
form must be sterile, fluid and stable under the conditions of
manufacture and storage. The liquid carrier or vehicle can be
a solvent or liqmd dispersion medium comprising, for
example, water, ethanol, a polyol (for example, glycerol,
propylene glycol, liquid polyethylene glycols, and the like),
vegetable oils, nontoxic glyceryl esters, and suitable mix-
tures therecof. The proper fluidity can be maintained, for
example, by the formation of liposomes, by the maintenance
of the required particle size in the case of dispersions or by
the use of surfactants. The prevention of the action of
microorganisms can be brought about by various antibacte-
rial and antifungal agents, for example, parabens, chlorobu-
tanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, 1t will be preferable to include 1sotonic agents, for
example, sugars, buflers or sodium chlonde. Prolonged
absorption of the injectable compositions can be brought
about by the use 1n the compositions of agents delaying
absorption, for example, aluminum monostearate and gela-
tin.

Sterile 1njectable solutions are prepared by incorporating
the active compound in the required amount in the appro-
priate solvent with several of the other ingredients enumer-
ated above, as required, followed by filter sterilization. In the
case of sterile powders for the preparation of sterile 1nject-
able solutions, the preferred methods of preparation are
vacuum drying and the freeze drying techmiques, which
yield a powder of the active ingredient plus any additional
desired 1ngredient presenting the previously sterile-filtered
solutions.

For topical administration, the present compounds may be
applied 1n pure-form, 1.e., when they are liquids. However,
it will generally be desirable to administer them to the skin
as compositions or formulations, in combination with a
dermatologically-acceptable carrier, which may be a solid or
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a liquid. Based on the discoveries noted herein, the com-
pounds described herein can be used to promote healing by
providing a bacteria reduced environment for wound closure
and rapid healing.

Usetul solid carriers include finely divided solids such as
talc, clay, microcrystalline cellulose, silica, alumina and the
like. Usetul liquid carriers include water, alcohols or glycols
or water-alcohol/glycol blends, 1n which the present com-
pounds can be dissolved or dispersed at eflective levels,
optionally with the aid of non-toxic surfactants. Adjuvants
such as fragrances and additional antimicrobial agents can
be added to optimize the properties for a given use. The
resultant liquid compositions can be applied from adsorbent
pads, used to impregnate bandages and other dressings, or
sprayed onto the aflected area using pump-type or aerosol
sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty
acid salts and esters, fatty alcohols, modified celluloses or
modified mineral materials can also be employed with liquid
carriers to form spreadable pastes, gels, ointments, soaps,
and the like, for application directly to the skin of the user.
Examples of usetul dermatological compositions which can
be used to deliver the compounds of the invention to the skin
are disclosed 1n Jacquet et al. (U.S. Pat. No. 4,608,392),
Gerna (U.S. Pat. No. 4,992.478), Smith et al. (U.S. Pat. No.
4,559,157) and Wortzman (U.S. Pat. No. 4,820,508).

Usetul dosages of the compounds of the present invention
can be determined by comparing their 1n vitro activity, and
in vivo activity 1n animal models. Methods for the extrapo-
lation of eflective dosages 1n mice, and other animals, to
humans are known to the art (U.S. Pat. No. 4,938,949 (Borch
ct al.)).

Accordingly, the mvention includes a pharmaceutical
composition comprising a compound of the present inven-
tion as described above, or a pharmaceutically acceptable
salt thereol, 1n combination with a pharmaceutically accept-
able carrier. Pharmaceutical compositions adapted for oral,
topical or parenteral administration, comprising an amount
of one or more compounds eflective to treat a bacterial
infection, are a preferred embodiment of the invention.

Formulations and methods of administration that can be
employed with the compound or compound compositions,
additional appropriate formulations and routes of adminis-
tration can be selected from among those described herein
below. The compound or compound compositions of the
invention may be administered therapeutically, such as, for
example, 1n the case of infection of a susceptible patient with
burn or other traumatic wound 1njury or lung infection, such
as 1n a cystic fibrosis patient infected with P. aeruginosa, S.
Aureus, or E. aerogenes separately or in combination. Alter-
natively, the compound or compound compositions may be
administered prophylactically, such as, for example, to pre-
vent opportunistic Gram negative bacterial infection, such as
by P. aeruginosa, prior to surgery, dental work, or implan-
tation ol a medical device such as a catheter or ventilator
tube continuously, such as, for example 1n the case of an
immune-suppressed or immune-compromised patient.

Various alternative delivery systems are known and can
be used to administer compound, e.g., encapsulation in
liposomes, microparticles, microcapsules. Methods of 1ntro-
duction include, but are not limited to, topical, intradermal,
intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, and oral routes. The compositions may
be administered by any convenient route, for example by
infusion or bolus 1njection, by absorption through epithelial
or mucocutaneous linings (e.g., oral mucosa, rectal and
intestinal mucosa, etc.) and may be administered together
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with other biologically active agents. Administration can be
systemic or local. In addition, it may be desirable to intro-
duce the pharmaceutical compositions of the mnvention into
the central nervous system by any suitable route, including
intraventricular and intrathecal injection; intraventricular
injection may be facilitated by an intraventricular catheter,
for example, attached to a reservoir, such as an Ommaya
reservoir. Pulmonary administration can also be employed,
e.g., by use of art inhaler or nebulizer, and formulation with
an aerosolizing agent.

In a specific embodiment, it may be desirable to admin-
ister the pharmaceutical compositions of the invention
locally to the area 1n need of treatment; this may be achieved
by, for example, and not by way of limitation, local infusion
during surgery, topical application, e.g., 1n conjunction with
a wound dressing after surgery, by injection, by means of a
catheter, by means of a suppository, or by means of an
implant, said implant being of a porous, non-porous, or
gelatinous material, including membranes, such as sialastic
membranes, or fibers.

In another embodiment, the composition can be delivered
in a vesicle, 1n particular a liposome (see Langer, Science
249:1527-1533 (1990); Treat et al, in Liposomes in the
Therapy of Infectious Disease and Cancer, Lopez-Berestein
and Fidler (eds.), Liss, New York, pp. 353-365 (1989);
Lopez-Berestein, 1bid., pp. 317-327; see generally 1bid.).

In yet another embodiment, the composition can be deliv-
ered i a controlled release system. In one embodiment, a

pump may be used (see Langer, supra; Sefton, CRC Cnt, Ref
Biomed. Eng. 14:20 1 (1987); Buchwald et al, Surgery

88:507 (1980); Saudek et al, N. Engl. J. Med. 321:574
(1989)), In another embodiment, polymeric materials can be
used (see Medical Applications of Controlled Release,
Langer and Wise (eds.), CRC Pres., Boca Raton, Fla. (1974);
Controlled Drug Bioavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York

(1984); Ranger and Peppas, Macromol. Sci1. Rev. Macromol.
Chem. 2.3:61 (1983); see also Levy et al, Science 2.28:190

(1983); During et al, Ann. Neurol. 25:35 1 (1989); Howard
et al, J. Neurosurg. 7 1:105 (1989)). In yet another embodi-
ment, a controlled release system can be placed 1n proximity
of the therapeutic target, 1.e., the brain, thus requiring only
a Iraction of the systemic dose (see, e.g., Goodson, 1n
Medical Applications of Controlled Release, supra, vol. 2,
pp. 115-138 (1984)). Other controlled release systems are
discussed 1n the review by Langer (Science 249:13527-1333
(1990)).

The present invention also provides pharmaceutical com-
positions. Such compositions comprise a therapeutically
cllective amount of compound and a pharmaceutically
acceptable carrier. In a specific embodiment, the term “phar-
maceutically acceptable” means approved by a regulatory
agency ol the Federal or a state government or listed 1n the
U.S. Pharmacopeia or other generally recognized pharma-
copeia for use 1n ammals, and more particularly in humans.

In a typical embodiment, the composition 1s formulated 1n
accordance with routine procedures as a pharmaceutical
composition adapted for intravenous, topical or pulmonary
administration to human beings. Typically, compositions for
such administration are solutions 1n sterile 1sotonic aqueous
bufler. Where necessary, the composition may also include
a solubilizing agent and a local anesthetic such as lignocaine
to ease pain at the site of the injection. Generally, the
ingredients are supplied either separately or mixed together
in umt dosage form, for example, as a dry lyophilized
powder or water free concentrate 1n a hermetically sealed
container such as an ampoule or sachette indicating the
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quantity of active agent. Where the composition 1s to be
administered by infusion, 1t can be dispensed with an
infusion bottle containing sterile pharmaceutical grade water
or saline. Where the composition 1s administered by 1njec-
tion, an ampoule of sterile water for injection or saline can
be provided so that the ingredients may be mixed prior to
administration.

The compositions of the invention can be formulated as
neutral or salt forms, Pharmaceutically acceptable salts
include those formed with anions such as those derived from
hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc.,
and those formed with cations such as those derived from
sodium, potassium, ammonium, calcium, ferric hydroxides,
1sopropylamine, triethylamine, 2-ethylamino ethanol, histi-
dine, procaine, etc.

The amount of the composition of the invention that wall
be eflective 1n the treatment, inhibition and prevention of a
disease or disorder can be determined by standard clinical
techniques. Additionally, 1 vitro assays may optionally be
employed to help i1dentity optimal dosage ranges. The pre-
cise dose to be employed 1n the formulation will also depend
on the route of administration, and the seriousness of the
disease or disorder, and should be decided according to the
judgment of the practitioner and each patient’s circum-
stances. Effective doses may be extrapolated from dose-
response curves derived from in vitro or animal model test
systems.

For example, the dosage administered to a patient should
typically be 0.1 mg/kg to 100 mg/kg of the patient’s body
weight. Preferably, the dosage administered to a patient 1s
between 0.1 mg/kg and 20 mg/kg of the patient’s body
weight, more preferably 1 mgkg to 10 mg/kg of the
patient’s body weight. In preferred embodiments, a dose of
1, 4, 10, or 20 mg/kg 1s administered intravenously to a
patient. Further, the dosage and frequency of admimistration,
of therapeutic or pharmaceutical compositions of the inven-
tion may be reduced by enhancing uptake and tissue pen-
etration (e.g., nto the skin and/or lungs) of by modifications
such as, for example, lipidation.

The compound or compound compositions of the inven-
tion may be administered alone or in combination with other
compounds, such as adjuvants. In one embodiment the
compounds may be administered in combination with one or
more antibiotics, for example, gentamicin, tobramycin,
colistin, and fluoroquinolones. Combinations may be admin-
istered either concomitantly, e.g., as an admixture, sepa-
rately but simultaneously or concurrently; or sequentially.
This includes presentations in which the combined agents
are administered together as a therapeutic mixture, and also
procedures in which the combined agents are administered
separately but simultaneously, e.g., as through separate
intravenous lines into the same individual. Administration
“in combination” further includes the separate administra-
tion of one of the compounds or agents given first, followed
by the second.

In the treatment of burns or other traumatic wound
injuries that are susceptible to bactenal infection such as, for
example, P. aeruginosa infection, the presently described
compound can be prepared in a medicament and the prepa-
ration applied generously (e.g., topically) to the entire burn
area as quickly as possible. Repeated applications are made,
il necessary and as needed to relieve pain, increase healing
and decrease infection. If necessary, resuscitation 1s started
by the introduction of the conventional itravenous fluids.
Pain killers, toxin neutralizers, vitamins and antibiotics may
be employed as indicated. Moreover, intravenous treatment

10

15

20

25

30

35

40

45

50

55

60

65

16

of the compound or compound composition may also be
needed to treat the burn or other traumatic wound injury.

The wound to which the compound or compound com-
positions have been applied may be covered with gauze and
sheet wadding and thereafter dressed daily. At the time of
dressing, all devitalized tissue and crusts, which can be
removed readily, should be removed. Tissue, which 1s
attached firmly, 1s permitted to separate normally.

In the use of the compound or compound compositions
for the treatment of lung infections, preferably, for example,
in patients sullering from cystic fibrosis, pneumonia (regard-
less of the etiology), and/or antibiotic resistant bacterial
pulmonary infection, the compound will generally be
administered for symptomatic treatment in the form of a
conventional pharmaceutical composition, for example, as
generally described i U.S. Pat. No. 4,910,190, and prefer-
ably as an aerosol. A formulation providing a solution
containing a concentration, for example, of 10 mg/mL, 20
mg/mL, or 30 mg/mL of the compound and suitable for use
with a nebulizer (preferably) or as an 1njectable solution. A
suitable nebulizer for use 1s, for example, a RETEC™
nebulizer, in which the solution 1s nebulized with com-
pressed air.

In general, the compound or compound compositions will
be administered to humans at a daily dose 1n the range of, for
example, 5 to 100 mg of the compound by aerosol or 30 to
1000 mg 1ntravenously, or a combination of the two. How-
ever, 1t readily will be understood that 1t may be necessary
to vary the dose of therapeutic product administered in
accordance with well-known medical practice to take
account of the nature and severity of the lung disease (for
example, cystic fibrosis) under treatment, concurrent
therapy, and the age, weight and sex of the patient receiving
treatment. It similarly will be understood that generally
equivalent amounts of a pharmaceutically acceptable salt of
the compound also may be used. It 1s noted that oral
formulations may work via systemic eflects.

EXAMPLES

Example 1: Antimicrobial Activity

Results and Discussion

Investigations began with the determination of the mini-
mum 1inhibitory concentrations (MICs) of 4-7 in Gram-
positive and -negative species, 1 order to identily the
concentrations that produce a direct antibactenial effect and
allowed us to rank their relative potencies. Included were
two Gram-negative bacteria encountered in hospitals, P
aeruginosa and Klebsiella pneumonia, and multidrug-resis-
tant £. aerogenes EA289 (lablel). Several compounds
showed MICs of 100-200 uM for these bacterial strains. The
anthracenyl compounds 7a-d had relatively weak antimicro-
bial activities, whereas their related motuporamine deriva-

tives 4a-b, 5a-b, and 6a-b showed MICs of 1.56-50 uM.
Specifically, 6a ((MOTU-CH,-33) and 6b (MOTU-CH,-44)
exhibited excellent antimicrobial activities against many
species, including the multidrug-resistant E. aerogenes
EA289.

As stated previously, the development of chemo-sensitiz-
ing agents, which enhance the intracellular antibiotic con-
centration in resistant strains (or by other mechanisms) 1s an
attractive approach to overcome bacterial resistance. Thus,
investigated was the use of these polyamine derivatives as
adjuvants 1 combination with antibiotics. Success here
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would provide an exciting approach to increase the potency
of current antibacternial drugs, even for strains that have
developed resistance.

It was mvestigated whether these polyamine agents could
restore the potency of the antibiotic doxycycline at signifi-
cantly below 1ts MIC. For example, it was found that the
MIC of doxycycline against P. aeruginosa PAO1 was 16
ug/mlL, so mnvestigated was the use of doxycycline at a
significantly lower concentration (2 nug/mlL, corresponding
to its pharmacokinetic properties in humans)!'® in the pres-
ence of the polyamine derivatives. It was believed that the
polyamine agents would disrupt bacterial membrane integ-
rity and increase antibiotic delivery to the bacteria and thus
increase doxocycline potency. Rewardingly, even at this low
doxycycline concentration, eight of the polyamine deriva-
tives restored doxycycline activity against £. aerogenes
EA289, P. aeruginosa PAOI1, and K preumoniae KPC2-
ST258; no improvement was observed for 7b (ANT4) or 7a
(ANT-N-butyl) even at 40 uM (Table2). The fact that this
ellect was compound-specific was mtriguing and ruled out a
non-speciiic detergent eflect, especially because no cell lysis
was observed.

Several of the eflective compounds also acted synergis-
tically with chloramphenicol and erythromycin, particularly
against PAO1, but weakly against EA289 and KPC2-ST258
(Table3). Thus, two groups of compounds were 1dentified:
one (7a and 7b) displayed weak or no activity, and the
second (e.g., Sa and 3b) increased the antibiotic suscepti-
bility effectively against PAO1. Overall, 5a and 5b appeared
the most promising adjuvants for use with doxycycline; 5b
(MOTU-N44) was chosen to investigate the mechanism of
action of this molecular class.

Within the motuporamine series (4-6) several compounds
exhibited moderate to good antibacterial activity as well as
potent synergy with different antibiotics against Gram-
negative bacteria. The mechanism of action of these com-
pounds was explored and focused on two possible pathways:
permeabilization and/or disruption of the outer membrane,
and inhibition of an efflux pump.

First, the effect of 5b on Staphyviococcus aureus
ATCC25923 was determined by measuring ATP release for
1 min: there was dramatic disruption of the bacterial mem-
brane, similar to that by squalamine (positive control; FIG.
1°°! Conversely, no significant effect was found for the
polyamine spermine (negative control).

Since different compound performance was observed 1n
the assays with S. aureus 1n Table 1, it was believed that
some of these molecules may achieve lethality by increasing
the rate of transport of molecules across the cytoplasmic
membrane, while others may not. It was surmised that
compounds like 5b may induce a smaller membrane breach,
modestly affect the permeability barrier of the cytoplasmic
membrane and cause membrane depolarization. Indeed, a
small breach would allow passage of electric current
(thereby causing membrane depolarization) without allow-
ing passage ol larger molecules. This alternative mechanism
seemed plausible because depolarization would de-energize
the efflux pump and also lead to increased potency of the
antibiotic agent. Therefore, it was investigated whether these
molecules generated a smaller breach of the permeability
barrier of the cytoplasmic membrane.

Fluorescent cyanine dyes are excellent probes to monitor
membrane depolarization. These dyes lose fluorescence
intensity when 1n polarized membranes and become highly
fluorescent once polarization 1s lost. Thus, one can use
changes in dye fluorescence to monitor change 1n membrane
polarization. Interestingly, strong depolarization of S. aureus
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membranes was observed after 21 minutes as a strong
increase 1n relative fluorescent units (RFU) of the cyanine
dye (FIG. 2) 1in the presence of 5b. This suggests that 5b
facilitated membrane depolarization.

Next, 5b was investigated for 1ts ability to alter the cell
outer membrane ntegrity ol £. aerogenes EA289, by using
nitrocelin, a chromogenic beta-lactam that 1s efliciently
hydrolyzed by periplasmic beta-lactamases, thereby result-
ing in a significant color change from yellow to red.[***"
Thus, colorimetric changes were used to monitor outer
membrane integrity. Even at a low concentration (3.9 uM),
5b increased the rate of mitrocefin hydrolysis compared to
the spermine-treated or untreated control (FIG. 3a). The
behavior was similar to that of the positive control poly-
myxin-B (PMB) which also produced an increase 1n nitro-
cefin hydrolysis. All these data suggest that 5b 1s able to
permeabilize or disrupt the outer membrane of Gram-nega-
tive bacteria as no cell lysis was observed.

The drug-resistant bacterium EA289 overexpresses the
AcrAB-TolC pump (Ref 30), which belongs to the RND
elllux pumps and uses the proton gradient across the 1nner
membrane as an energy source. In order to determine 1f 5b
could act as a disruptor of the transmembrane potential, the
membrane-potential-sensitive probe Di1SC,(5) was used,
which concentrates at the inner membrane and self-quenches
its fluorescence.”!! When a compound impairs the mem-
brane potential, the dye 1s released into the growth medium
thus leading to a fluorescence increase. Treatment with 5b
resulted 1n dose-dependent depolarization after 10 min of
incubation (FIG. 3b), suggesting disruption of the proton
gradient and an ability to affect efflux pumps from the RND
family such as AcrAB-TolC.

A similar outcome was observed when using a biolumi-
nescence method to determine the release of intracellular
ATP. Addition of 5b caused dose-dependent permeabiliza-
tion (FIG. 3¢). Interestingly, 10 ug/mL 3b caused 11% ATP
release 1nto the medium after a few seconds, thus, suggest-
ing rapid disruption.

In general, efflux systems employ an energy-dependent
mechanism (active transport) to pump out unwanted sub-
stances such as toxins, antibiotics, or dyes, through specific
efflux pumps.®*! Some efflux systems are drug-specific,
whereas others eject multiple drugs, and thus contribute to
MDR. Efflux pumps are proteinaceous transporters in the
cytoplasmic membrane of bacteria and are active transport-
ers; thus they require a source of chemical energy. Some are
primary active transporters that use ATP hydrolysis as a
source of energy, whereas 1n others (secondary active trans-
porters) transport 1s coupled to an electrochemical potential
difference created by pumping protons or sodium ions from
or to the outside of the cell. The transport of a known
transport substrate can be used to directly monitor the
function of efflux pumps, and 5b was thus tested for 1its
ability to mhibit efflux.

After loading EA289 bacteria with the dye 1,2'-dinaph-
thylamine (1,2'-diNA), which 1s a substrate of the AcrAB-
TolC efflux pump,””! the bacteria fluoresced. Bacteria were
then incubated with and without 5b at diflerent concentra-
tions before addition of glucose as an energy source. In the
absence of 5b, rapid active transport of more than 80% of the
dye was observed (FI1G. 3d, black line). When 5b was
present, significant dose-dependent inhibition was observed
(>>80% retention at up to 25 uM 5b; FIG. 3d). These results
suggest that 5b 1nhibits the AcrAB-TolC efllux pump.

A time-kill assay (FIG. 4) and a cell viability assay (FIG.
5) were performed 1n order to evaluate the bactericidal or
bacteriostatic behavior of this compound. As shown 1n FIG.
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4, a time kill analysis was performed against the EA289
bacterial strain by using Sb at a four times the MIC: 99.9%
death (detection limit) occurred by 2 h.

A cell viability assay (FIG. 5) was performed by moni-
toring the irreversible reduction of blue resazurin to red
resorufin by viable cells. This conversion 1s an oxidation-
reduction indication in cell viability assays and can serve as
an aerobic respiration measurement for bacteria.">*! When
using 5b at four times the MIC, there was clearly no cell
viability.

Thus, the time-kill experiment shows that 5b at four times
MIC (200 uM) led to a decrease 1n live bacteria after 30 min.
When the cells were incubated for 60 min at this concen-
tration, the cell viability assay demonstrated total inhibition
of respiratory metabolism allowing us to conclude that this
decrease 1n bacterial count correlates highly with cell death.

The real-time assay demonstrated the ablhty of 3b to
inhibit efflux transport to around 60% by using a sub-
inhibitory concentration (10 uM, MIC/4). The results from
the time-kill assay allow us to state that the cells remain
viable 1n the efflux assay conditions (=30 min) and that the
inhibition of the dye transport 1s a consequence of a speciiic
action of the compound.

On the other hand, the nitrocefin hydrolysis and mem-
brane depolarization assays suggest that efllux inhibition 1s
probably due to disruption of membrane integrity thereby
leading to proton-motive force dissipation. Indeed, the
hydrolysis kinetics observed at a low concentration of 5b
demonstrated a slight effect on the membrane, thus corre-
lating with the results obtained for the depolarization assay.
It was noted that outer-membrane permeation increased with
increasing Sb concentration, and this 1s likely responsible for
cell death at high levels. It 1s also noted that the real-time
assays required higher concentrations than those for fixed
incubation times to generate a quantifiable signal.

Wang et al recently described a similar action of the
substituted diamine, 1,13-b1s (((2,2-diphenyl)-1-ethyl)thiou-
reido)-4,10-diazatridecane.'”>! This diamine compound was
also shown to depolarize the cytoplasmic membrane and
provide enhanced permeabilization of the outer bacterial
membrane. Further structure—activity relationship studies
revealed that the central diamine nitrogens were key to
bioactivity. In contrast to the N-substituted systems, the
unsubstituted diamines (putrescine and cadaverine) had no
antibacterial activity, did not aflect membrane permeability,
and did not cause membrane rupture. Both of the higher
polyamines (spermidine and spermine) were found to be
iactive against .S. aureus RN4220, P. aeruginosa PAO1 and
E. coli ANSI. This, when coupled to our findings, suggests
that either mono- or di-substituted polyamine systems can
serve as antibacterial agents, whereas the unsubstituted
native polyamine systems do not. Taken together, the studies
herein also suggest that the presence of hydrophobic N-sub-
stituents 1s key to the ability of these compounds to target
bacterial membranes and elicit a bacteriocidal response.
Conclusion

Several polyamine derivatives were mnvestigated for their
intrinsic antimicrobial activities against Gram-positive and
Gram-negative bacteria. Derivatives 5a and 3b showed
excellent activities (MIC 1.56-100 uM). In addition, 5b
dramatically aflected the antibiotic susceptibility of £. aero-
genes, P. aeruginosa, and K. preumoniae MDR strains. It 1s
believed that changes 1n the transmembrane electrical poten-
tial i E. aerogenes EA289 correlate with permeabilization
of the cell membrane by motuporamine derivatives, thereby
leading to (or concomitantly facilitating) an altered proton
homeostasis. Finally, motuporamine derivatives such as 5b,
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that are able to disrupt the proton gradient, eflfectively
de-energize the efllux pump and can be considered as
clllux-pump inhibitors.
Experimental Section

Bacterial Strains:

Eight bacterial strains were used in this study Institut
Pasteur and personal collection. Gram-positive bacteria (S.

aureus AI'CC25923, S. intermedius 1051997, Enterococcis

faecalis ATCC29212) and Gram-negative bacteria (£. coli

ATCC28922, P. aeruginosa PAO1, E. aerogenes EA289, a
Kan derivative of the MDR clinical isolate Ea27.1°°! and XK.
preumoniae KPC2 ST258) were stored at M-80° C. 1n
glycerol (15%, v/v). Bacteria were grown in Mueller-Hinton
(MH) broth at 37° C.

Antibiotics:

All the antibiotics were purchased from Sigma-Aldrich
except for doxycycline which was purchased from TCI
Europe (Zwindrecht, Belgium). All antibiotics were dis-
solved 1n water. The susceptibility of bacterial strains to

antibiotics and compounds was determined 1n microplates
by the standard broth dilution method, according to the
recommendations of the Comite de 1'AntibioGramme de la
Société Francaise de Microbiologie (CA-SFM).[>°] Briefly,
MICs were determined with an inoculum of 10° CFU in of
MH broth (200 uL) contaiming twofold serial dilutions of
cach drug. MIC was defined as the lowest concentration to
completely inhibit growth after incubation for 18h at 37° C.
Measurements were repeated 1n triplicate.

Determination of Antibiotic MIC 1n the Presence of
Compounds:

Briefly, restoring enhancer concentrations were deter-
mined with an inoculum of 5x10° colony forming unit
(CFU) in MH broth (200 ul) containing twolold serial
dilutions of each derivative and antibiotic (chloramphenicol,
doxycycline, cefepime, or erythromycin; 2 ug/ml). The
lowest concentration of the polyamine adjuvant that com-
pletely mhibited growth after incubation for 18 h at 37° C.
was determined. Measurements were repeated 1n triplicate.

Membrane Depolarization Assays:

Bacteria were grown 1n MH broth for 24 h at 37° C. and
centrifuged (10,000 rpm (3600 G), min, 20° C.). The pellet
was washed twice with butflered sucrose (HEPES pH 7.2,
250 mm) and magnesium sulfate (5 mm). The fluorescent
dye 3,3'-diethylthiacarbocyanine 1odide was added (3 uM)
and allowed to penetrate into bacterial membranes by 1ncu-
bation for 1h of at 37° C. Cells were then washed to remove
the unbound dye before adding 5b at diflerent concentra-
tions. Fluorescence measurements were performed on a
FluoroMax 3 spectrofluorometer (Horiba; slit widths 5/5
nm). The relative corrected fluorescence (RFU) was
recorded at O, 3, 5, 7, 9, 11, 13, 15, 17, 19, and 21 min.
Maximum RFU was that recorded with a pure solution of the
fluorescent dye in bufler (3 uM).

Nitrocefin Hydrolysis Assay:

Outer membrane permeabilization was measured by using,
nitrocefln, a chromogenic substrate of perniplasmic [-lacta-
mase. MH broth (10 mL) was 1noculated with of an over-
night culture (0.1 mL) of EA289 and grown at 37° C. to
OD,,=0.5. The remaining steps were performed at room
temperature. Cells were recovered by centrifugation

(3600G, 20 min) and washed once with potassium phos-
phate bufler (PPB) (20 mM, pH 7.2) containing MgCl, (1
mM). After another centrifugation, the pellet was resus-
pended in PPB (100 ul.) and adjusted to OD,,=0.5. Then,
either Polymyxin B (positive control; Sigma-Aldrich) or 5b
(50 ul) was added to the cell suspension (100 gm/L) to final

concentrations of 0.98-500 uM “2.5, 15, 62.5, and 125 uM”.




US 10,710,957 B2

21

Nitrocefin (350 uL, 50 pg/ml; Oxoid) was added, and 1its
hydrolysis was monitored spectrophotometrically by mea-
suring the increase 1n absorbance at 490 nm. Assays were
performed 1n 96-well plates with an M200 Pro spectropho-
tometer (Tecan).

Glucose-Triggered 1,2'-diNA Efflux Assays:

Bacteria were grown to stationary phase, collected by

centrifugation, and resuspended to OD,,=0.235 1n potassium

phosphate bufler (20 mM, pH 7.2) supplemented with
carbonyl cyanide m-chlorophenyl hydrazone (CCCP, 5 uM;
Sigma-Aldrich), and incubated overnight with 1,2'-dinaph-
thylamine (1,2'-diNA, 32 uM; Sigma-Aldrich) at 37° C.
Before addition of compound 5b (100 uM), the cells were
washed with phosphate butler. Glucose (50 mm) was added

after 300 s to initiate bacternial energization. Release of
membrane-incorporated 1,2'-diNA was followed by moni-
toring the fluorescence (A_ =370 nm; A__=420 nm) every 30
s at 37° C. m an Infinite M200 Pro plate reader (Tecan).

Assays were performed 1n 96-well plates (half area, black

with solid bottom, 100 uL. per well; Greiner Bio-One).
Measurement of ATP Efflux:

Squalamine were prepared in doubly distilled water at

different concentrations. A suspension of growing S. aureus
or E. aerogenes (EA289) in MH broth was incubated at 37°

C. The suspension (90 ul.) was added to squalamine solution

(10 uL, synthesized 1n lab according to reported procedures),
and the mixture was vortexed for 1 s. Luciferin-luciferase
reagent (Yelen, France; 50 ul.) was immediately added, and
luminescence was quantified with an Infimite M200
microplate reader (Tecan) for 5 s. ATP concentration was
quantified by ATP concentration was quantified by addition

of a known amount of ATP (1 uM). A similar procedure was
performed for spermine (100 ng/ml) and for 5b (200 uM,

1.e., 4xMIC).

Time-Killing Assay:

Mid-log phase cultures of EA289 with an inoculum of 10’
CFU/mL were incubated with 5b (4xMIC, 200 uM) at 37°
C. with 160 rpm shaking. Bacterial counts were performed
after 0, 15,30, 90, 120 and 240 min by spreading appropriate
dilutions on MH agar plates (detection limit 10° colony
forming unit (CFU)/mL). The plates were imncubated over-
night at 37° C. before colonies were counted. The curves
from two independent experiments were averaged and
expressed as logarithms (mean+/—standard error).

Cell Viability Assay:

An overnight culture of EA289 was diluted 100-fold into
MHII broth. An inoculum of 10" CFU/mL was incubated in
the presence or absence of 5b (4xMIC, 200 uM) for 1 h at
3’7° C. with shaking at 160 rpm. The fluorescence of the cell
suspension was monitored aiter addition of CellTiter-Blue
reagent (10%, v/v, Promega). Measurements were per-
formed by using a 96-well Gremer film-bottom black
microplate (Gremner Bi1o-One) and an Infinite M200
microplate reader (‘Tecan; <GI>_ =568 nm and <GI>, =660
nm). The curves from two independent experiments were
combined (mean+/—standard error).

22
Synthesis of Compounds 4-7:

The synthesis of 4-7 was previously reporte

5 Example 2: Synthetic Procedures and
Characterization

General Synthesis Schemes
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New Ethylene Amine motifs based on MotuCH,33 (9a)
and model systems 12a and 15 Compound 10 was generated
via a multistep synthetic process from alcohol 15. As shown
in Scheme 1, Muth et al demonstrated that 1t was possible to
convert commercially available ketone 13 to its correspond-
ing alkene 14 through a Wittig reagent’. The alkene could
then undergo hydroboration oxidation to alcohol 15. From
alcohol 15 a number of synthetic routes were attempted to
use the alcohol as a platform to create an electrophile or a
nucleophile. The synthesis of extended motifs on the motu-
poramines had been attempted by Muth et al by conversion
of alcohol 15 to 1ts corresponding aldehyde resulting 1in low
yields and an impure product.” While extended compounds
9a and 9b were made from the aldehyde, other chemistries
were 1nvestigated 1n an attempt to improve the yields on
extended motuporamine structures.

Therefore 1t was attempted to convert the alcohol to an
extended primary amine 18 which could behave as a nucleo-

phile to attack an electrophilic polyamine scaflold, as shown
in Schemes 2 and 3.
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Scheme 1 ¢
O
q
—
13
CH, CH,OH
b
—
14 15

¢ Reagents: a) MePPhsl, Buli, b) BH;/THE

The alcohol 15 was converted 1nto a good leaving group
(by conversion to 1ts mesylate 16) using methane sulfonyl
chloride/TEA in DCM 1n good vields. Mesylate 16 was then
converted to nitrile 17 using 18-crown-6 ether and KCN
with a yield of 87%. The resultant alkylated nitrile was then
reduced to primary amine 18 using lithium aluminum
hydride 1n THF with a 49% yield. Attempts were made to
generate the amine on the motuporamine ring with two and
three methylene spacers. Synthesis of the two methylene
spacer amine 18a was successiul while the three spacer

amine 18b was problematic due to low vyields of 1ts corre-
sponding nitrile 17b (<11%).

Scheme 2¢

CH,OH

a

— -

15

CH,OSO>Me

b
— -
16
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(CH2):{CN (CHZ).INHZ
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—_—
l7a:x=1 18a:x =1
17b:x="2 18b: x =2

“Reagents: a) CH350,C1b) KCN, ¢) L1AlH,

The synthesis of 10 was an attempt to further probe the
cllects of extending the norspermidine message away from

the macrocycle core by increasing the number of methylene
spacers (Scheme 3). It was shown by Muth et al, that the
extended compound 9a had the best 1n vivo performance 1n

terms of anti-metastatic eflicacy. It was hypothesized this

ellicacy may have been due to the increased availability of
the message for its putative receptor.” Other large ring

containing derivatives were investigated for their anticancer
and antimetastatic properties and to develop methods to
access derivatives with alternative polyamine sequences.
The polyamine was joimned to the macrocycle through a
nucleophilic substitution reaction where the polyamine por-
tion behaves as the electrophile and the nucleophilic amine
on the macrocycle attacks the mesylate on the polyamine
(Scheme 3). Aqueous sodium carbonate (Na,CO;) was used
to facilitate alkylation and 4M HCI was used to deprotect the
Boc-protected amine This synthetic scheme began with the

conversion of the Boc-protected polyamine 19 to its corre-
sponding mesylate 20 1n 80% vyield. The N-alkylation of
mesylate 20 with amine 18 was performed 1n the presence of
Na,CO, 1n DCM and resulted 1n poor vield of 20%. As this
step also required the use of amine 18, a compound that was
generated through a long synthetic method and also resulted
in low yields, the scheme was less than satisfactory. The low

yields 1 the synthesis of 21 1n particular was attributed to

the facile formation of a self-cyclized byproduct 22 where
(due to the low reactivity of the macrocyclic amine 18) the
terminal carbamate group of 20 was observed to react with

and displace the appended mesylate group to form byprod-
uct 22, thus, lowering the amount of 20 available to react.

Scheme 3¢
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Boc
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-continued

O
Mso/\/\N/\/\NLO
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20

)
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/\N/\/\N/\/\Nf
H ‘ H
Boc

21

/\E/\/\E/\/\NHE

JHCI

__/

¢ Reagents: a). TEA, Ms(Cl; b) amune 18a, Na>COs3; ¢) EtOH, 4M HCI

In an attempt to maximize yields and mimmize the
formation of undesirable side products, a regioselective

protection of specific nitrogen centers was performed on the
free base of triethylene tetramine tetrahydrochloride 24b and
tetracthylenepentamine pentahydrochloride 24c. The gen-
cral strategy was to cap all the free secondary amine centers
on the polyamine chain as carbamates containing t-butoxy-
carbonyl (Boc) groups. Failure to cap these potential nucleo-
philic centers would result 1n undesired non-linear, branched

byproducts. Selective protection was performed by forma-
tion of an imine on the primary amine of the free base form
of the polyamine using salicylaldehyde (Scheme 5).'®
Salicylaldehyde will selectively protect primary amines but
leave the secondary amines untouched and therefore the
secondary amines are subject to protective Bocylation using
di-tert-butyl dicarbonate.

After the Boc protection of the secondary amine and
remaining primary amine centers was complete, cleavage of
the 1mine was performed with methoxyamine under acid-
free conditions to maintain the fidelity of Boc protection."”
Deprotection of the salicylimine afforded a polyamine chain
with one available primary amine as a reactive center for
selective alkylation with the macrocycle mesylate 16.
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Scheme 4¢
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25b:x =2 26b:x =2

“Reagents: a) NaOH; b) di-tert-butyl dicarbonate; ¢) MeONH,

This route mm Scheme 5 provided the required Boc-
protected polyamines for coupling to the large macrocycle.

The other systems (11a-c) were made via Schemes 6 and
7 below:

Scheme 6¢
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-continued

11b
“Reagents: a) CH;CN, K;CO3 b) 4M HCI, EtOH

Mono N-Boc diamine 28 was available commercially
(Sigma Aldrich) and was the only Boc protected ethylene
amine motif to be used successiully 1n forming the desired
motuporamine structure. The Boc protected polyamine 28
was heated at 50° C. overnight and then for 5 days at retlux
(80° C.). The reaction rate was shown to increase after 48 h

when the volume of the solvent (CH,CN) was reduced. The
product 27c¢ was able to be separated by column chroma-

tography (7% MeOH/DCM R, ot 27¢: 0.4) from a cyclized
urea byproduct that was present 1n large quantities for a total

yield of 27¢ of 53% (Scheme 6). Subsequent removal of the
Boc group with acid provided the desired adduct 11b 1n high
yield but at a disappointing 10% overall yield from 16.

Another route to the desired target using unprotected
polyamines was mvestigated.
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Scheme 74
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16: R =0OMs 2d4a:x =1
23: R =Br 24b:x =2
24¢c:x =3

N NH
s \/\(N/\’)( 2
H X

5

lla:x=1; 3HCI
l1c:x =2; 4HCI

“Reagents: a) CH3CN, K5CO3; b) di-tert-butyl dibicarbonate; ¢) EtOH, 4M HCI

As Boc protected polyamines appeared to have hindered
reactivity due to their Boc groups and displaced their own
t-butyl groups to form cyclic ureas 1n favor of reacting with
the mesylate 16, a ‘naked polyamine’ approach was
attempted with the free base of 24a,b,c as shown 1n Scheme
7. This approach was not mnitially attempted due to the
probability of the secondary internal amines reacting with
the mesylate and creating tertiary branched motuporamine
structures instead of the desired secondary amine containing
linear motuporamine motifs. Nevertheless, this ‘naked
polyamine’ approach avoided the possibility of the
polyamine portion reacting with 1ts own Boc group prior to
alkylation. Indeed, the reaction was much more facile with-
out the bulky Boc substituents crowding the primary amine
reaction center. This approach was successiul with 24a and
24b while 24¢ was less productive. In the production of 11a,
triamine 24a was reacted with bromide 23 while 1n the
production of 1lc, tetraamine 24b was reacted with mesyl
16. With both 24a and 24b the respective alkylations were
performed in CHLCN and showed complete disappearance
ol each starting material after 72 h. Workups were performed
with 0.1M NaOH and DCM to remove the salts and 1n the
case of 24b, the displaced methanesulfonate. These provided
the expected mixture of secondary and tertiary alkylated
products. These were separated by installing Boc groups at
every secondary and primary amine center via bocylation.
Since the tertiary amine would not be N-bocylated, the
byproduct retained its amine functional group whereas the
desired product was converted to a polycarbamate motif.
This change 1n functional group allowed for easy separation
by column chromatography of the undesired tertiary amine
byproduct (which had one less Boc group and was chemi-
cally distinct) and the desired motuporamine motif. Using
this approach, a 25% vield was achieved for both products.

a
+  H-N NH, —»
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27a:x=1
27b:x =2

The use of the pentamine 24¢ with this method achieved a
different result. The free base of pentamine 24c was pre-
pared and mesylate 16 was added in CH,CN and refluxed for
72 h and momnitored by NMR (similar to 24a sequence 1n
Scheme 7). The mixture was then per-bocylated and sepa-
rated by column chromatography (1% NH,OH/4.5%
MeOH/DCM, R ot suspected product 0.4 and an additional
unknown spot at R-0.47). Multiple attempts to separate the
product failed and ultimately the final product was both
unresolvable from 1ts upper spot and appeared to be the
cyclized byproduct by NMR. The crude weight also sug-
gested 1t was a significantly less productive reaction due to
the low conversion of starting material at high temperatures
and over a long period of time. Therefore, there were clear
limitations to using this approach. Nevertheless, these syn-
thetic routes provided materials for testing in biological
systems.

Lastly, an anthryl control compound 12a was made for
comparisons in Scheme 8.

Scheme 5¢
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The synthetic scheme for N'-Anthracen-9-ylmethyl-eth-
ane-1,2-diamine 12a 1s shown in Scheme 8 and was based on
prior work established in Gardner et al** to synthesize Ant44
(12b). In the synthesis of 12a, the ethylene amine motif was
joined via reductive amination to the commercially available

9-anthraldehyde (Sigma Aldrich) which resulted mm 75%
yield over 3 steps via the intermediate 1mine 29.

Detailed Synthesis Procedures
Synthesis of Compounds 4-7:

The synthesis of 4-7 was previously 1*61‘J(3f1"[€-,d.[15 3 7-41]

N-(3-Amino-propyl)-N'-(2-cyclopentadecylethyl )-
propane-1,3-diamine 10

Compound 21 was dissolved 1n 200 proof EtOH (1 mL)
and slowly added dropwise to 4M HCI (1.56 mL) at 0° C.
After the addition was complete, the solution was brought to
rt and stirred for 24 h. It was then concentrated under
reduced pressure to yield the product 10. (20 mg, 0.042
mmol, 74% yield). 10: 'H NMR (D,O): § 3.10 (m, 10H,
)2, .76.1 Hz), 2.09 (m, 4H), 1.58 (m, 2H), 1.45 (m, 1H),
1.29 (s, 28H); °C NMR (CDCl,): & 45.89, 43.89, 36.80,
33.65, 33.49, 31.28, 30.92, 30.27, 28.69, 28.07, 27.44,
2741, 26.46, 25.77, 25.60, 23.98, 23.48. HRMS calc for
C, . H,oN; (M+H) 367.392, found 367.3926. Compound 10
was 93% pure by HPLC analysis [UV detection at 210 nm
showed a major peak eluted (~5 min) on a C, 4, column using
60% acetonitrile/an aqueous heptane sulfonate builer at pH
3.8 with a flowrate of 1 mL/min].
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N-(2-Amino-ethyl)-N'-cyclopentadecylmethyl-ethane-1,
2-diamine 11a.

Compound 27a (96 mg, 0.153 mmol) was then dissolved
in EtOH (3 mL) and 4M HCI in EtOH (3 mL) while stirring
overnight at rt. The solvent was then removed under reduced
pressure to give a white solid 11a (60 mg, 0.138 mmol, 90%
yield). 11a. "H NMR (D,O): 8 3.45 (m, 8H), 3.02 (br s, 2H),
1.83 (brs, 1H), 1.32 (br s, 28H); '*C NMR (D,0): 8 55.57,
47.12, 46.04, 37.92, 36.74, 31.84, 29.29, 28.94, 28.88,
28.55, 26.09. HRMS for C,,H, N, (M+H) Theory:
325.3439 Found: 325.3457. Anal Calcd C, H,CI;N; 0.56;
H,O: Theory: C, 53.98, H, 10.67, N, 9.44 . Found: C, 54.38,
H, 10.68 N, 9.03.

N1-Cyclopentadecylmethyl-ethane-1,2-diamine 11b

Compound 27¢ (61 mg, 0.16 mmol) was dissolved 1n
EtOH (1 mL) and 4M HCI/EtOH (1 mL) was added drop-
wise and stirred at rt overnight. The solvent was then
removed under reduced pressure for a white solid 11b (50
mg, 0.157 mmol, 98% vield). 11b: "H NMR (D,O): & 3.39
(br s, 4H), 3.01 (br s, 2H), 1.82 (br s, 1H), 1.33 (br s, 28H);
SCNMR (D,0): 8 55.48, 47.30,37.97, 36.73, 31.84, 29.29,
28.90, 28.56, 26.09. Anal Calcd for C, ;H,,CI,N, 0.05 H,O:
theory C, 60.83, H, 11.34, N, 7.88; found C, 61.12, H, 11.44,
N, 7.72.

N-[2-(2- Amino-ethylamino)-ethyl]-N'-cyclopentade-
cylmethyl-ethane-1,2-diamine 11c¢

Removal of the Boc groups of 27b was performed 1n 4M
HCI/EtOH by first dissolving the product in 200 proof EtOH

(5 mL) which required somication. 4M HCI 1n EtOH (5 mL)
was then added dropwise while stirring. Reaction proceeded
overnight, the solvent was then removed under reduced
pressure for a weight of the final product, a white solid, 11c
(252 mg, 0.49 mmol, 98% vyield). 11c: 'H NMR (D,O): &
3.51 (m, 12H), 3.04 (brs, 2H), 1.86 (brs, 1H), 1.33 (s, 28H);
SCNMR (D,0): 8 55.43,47.07, 46.44, 46.15, 38.03, 36.64,
31.79, 30.50, 29.42, 29.05, 28.80, 26.08. HRMS C,,H_ N,
(M+H) Theory: 368.3878, Found: 368.3879; Anal Calcd
C,,Hs,CI,N, Theory: C, 51.36, H, 10.19, N, 10.89 Found:
C, 51.35, H, 1046, N, 10.62.

N1-Anthracen-9-yvlmethyl-ethane-1,2-diamine 12a

To a stirred solution of monoBoc diamine 28 (268 mg,
1.67 mmol) in 253% methanol/DCM (10 mL) was added a

solution of 9-anthraldehyde (289 mg, 1.40 mmol) in 5 mL of
25% methanol/DCM under N,. The solution was allowed to
stir at rt overnight until 1mine formation was complete
(monitored by 'H NMR). The solvent was removed in vacuo
and the crude 1imine 29 was re-dissolved 1n 50% Methanol/
DCM and cooled to 0° C. NaBH, (167 mg, 4.28 mmol) was
added and the mixture was stirred at rt overnight. The
solvents were removed under vacuum, and the residue was
redissolved in DCM and washed with saturated Na,CO,.
The organic layer was separated, dried over anhydrous

Na,SO,, filtered and concentrated to give a solid (521 mg
crude) which was purified by 5% MeOH/CHCI, to yield 412

mg (1.18 mmol) of the desired adduct 30 (80% vield).
Debocylation with 2 mL of ethanol and 2 mL of 4M HCI
gave the product (340 mg, 1.05 mmol, 89% yield) for an
overall yield of 75%. 12a: 'H NMR (D,0): 8 8.40 (s, 1H),
8.05 (m, 2H), 7.63 (m, 2H), 7.53 (m, 2H), 4.95 (s, 2H), 3.35
(m, 2H), 3.35 (m, 2H); '°C NMR (25% d.-DMSQO in D,O):
0 133.4,132.8,131.9,130.3,128.3,125.4,124.3,47.3, 46.0,
38.26
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Methylenecyclopentadecane 14

To a stirred solution of methyltriphenyl phosphonium
iodide (27.17g, 66.9 mmol) 1n freshly distilled anhydrous

THF (300 mL) was added n-Butyl Lithium (n-Bul.i, 66.9

mmol, 1.6M 1n hexanes) dropwise under N, via syringe at 0°
C. The solution immediately turned a dark brown-reddish
color and the contents of the solution dissolved. Prior to
addition of n-Buli, attempts were made to dissolve the
MePh,PI in THF but dissolution only occurred upon n-BulL1
addition. After the Wittig reagent had formed (20 minutes),
ketone 13 (5 g, 22.3 mmol) was added 1n a minimal amount
of THF followed by an additional 5.0 g of ketone (for a total
of 44.6 mmol). The reaction was allowed to warm to room
temperature and stir overnight. The reaction was monitored
tor the presence of ketone 13 by TLC (5% ethyl acetate/
hexane with KMnO, staining and by 'H NMR). Additional
butyl lithium (10 mL) was added under the same conditions
after 48 h after NMR showed only 45% conversion. An
additional 10 mL of Bul.1 was added at the 72 h time point.
After 96 h the reaction was worked up by quenching excess
BulL1 at 0° C. with deionized water. The contents were then
filtered with mimimal amounts of white solid present and the
THF was removed under reduced pressure revealing a
biphasic red-yellow mixture. The mixture was redissolved in
DCM, the layers were separated, the aqueous layer was
washed with DCM (3x) and then the DCM was removed to
yield a biphasic crude with a red solid and a yellow o1l (30.9
o). The red solid was assumed to be the triphenyl phospho-
nium oxide. The residue was then washed 3x with hexanes
and then the solvent was removed to reveal a yellow
non-viscous oil (10.7 g). The crude mixture was then sepa-

rated by column chromatography (10% DCM, hexanes) to
yield alkene 14 as a colorless o1l. (4.9 g, 22.4 mmol, 50%
yield).

Cyclopentadecylmethanol 15.°

Alkene 14 (4.97 g, 22.4 mmol) was added dropwise at 0°
C. to a BH,-THF solution (67 mmol, 5.7 g, 14.9 mL). The
reaction was stirred for 1 h at 0° C. and then allowed to
warm to room temp and stir for 2 h. The reaction progress
was monitored for disappearance of the alkene and then the
excess BH, was quenched with deiomized water (31 mlL)
alter pre-cooling the mixture to 0° C. 3M NaOH (31 mlL)
tollowed by 30% H,O, (31 mL) was added over the course
of 1 h at 0° C. for the oxidation step 1n the workup and the
reaction was stirred overnight. K,CO, (300 mg: 2.17 mmol)
was added and then the THF was removed under reduced
pressure. DCM was then added, the layers were separated,
and the aqueous layer was extracted three times with DCM,
the organic layers were pooled, dried over anhydrous

Na,SO,, filtered and concentrated to give a viscous light
yellow o1l (5.2 g). TLC (20% Hexanes/DCM, visualization

with phosphomolybdic acid, R-0.3). Column (100% DCM)

was run to separate the crude for a clear o1l (3.9 g, 16.2
mmol, 73% vyield). 'H NMR analysis matched the literature
spectrum for this compound.”

Methanesulfonic Acid Cyclopentadecylmethyl Ester
16

Alcohol 15 (998 mg, 4.15 mmol) was added to TEA (643
ul, 4.58 mmol) in DCM. Methanesulionyl chloride was
then dispensed by syringe (355 ulL, 4.58 mmol) at 0° C. and
stirred overmight at rt. The reaction was monitored by TLC

(100% CH,Cl,, R, mesylate 16: 0.63; R, alcohol 15: 0.37)
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and then quenched with 1M NaOH (2 mL). The organic
phase was washed three times with 1M NaOH (5 mL), then

separated, dried over anhydrous Na,SO,, filtered and con-

centrated to give the mesylate 16 as a yellow o1l (1.12 g, 3.52
mmol, 85% vyield). '"H NMR (CDCL,): & 4.15 (d, 2H,
3. 6.1 Hz), 3.0 (s, 3H), 1.34 (br s, 29H).

Cyclopentadecyl-Acetonitrile 17

KCN (3.09 g, 47.6 mmol), 18-crown-6 ether (145 mg,
0.48 mmol), and dry CH,CN (48 mlL) were added to
mesylate 16 (1.69 g, 5.29 mmol) and the reaction was
refluxed overnight. The reaction was monitored by TLC
(70% Hexanes/CH,Cl,, R~0.28) and then volatiles were
removed, the residue was redissolved in DCM and washed
with water. The layers were separated, the organic layer was
dried over anhydrous Na,SO,, filtered and concentrated to
give a yellow crude o1l (1.29 g, 5.17 mmol) which was then
purified by column chromatography (70% Hexanes/CH,Cl,)
and concentrated under reduced pressure and subjected to
high vacuum vyielding a colorless o1l (0.92 g, 3.69 mmol,
82% vield, 91% conversion). Mesylate 16 was recovered as

a white crystalline solid (0.15 g, 0.47 mmol, 9% recovery)
in (50% Hexanes/CH,Cl,, R-0.3). 'H NMR: 8 2.30 (d, 2H,

J?,,. ;6.6 Hz), 1.80 (m, 1H), 1 34 (br s, 28H). °C NMR: §
119.2, 33.7, 31.8, 27.1, 26.8, 26.7, 266 26.5, 243, 22.9.
HRMS for C,-H;;N (M+H): 250.2535, found 250.2527.
Anal. C,-H,,N: Theory: C, 81.86, H, 12.53, N, 5.62 Found:
82.04, 12.63, N, 35.51.

2-Cyclopentadecyl-Ethylamine 18

Nitrile 17 (412 mg, 1.64 mmol) was dissolved in dry THF
(5 mL, 55.5 mmol) and added dropwise to a stirred solution
of LiAIH, (207 mg, 5.46 mmol) in THF (5 mL) at 0° C. The
reaction was then warmed to rt and refluxed overnight. The

reaction was monitored for the disappearance of the nitrile

with  TLC (1% NH,OH/15% MeOH/CH,Cl,, R,
Amine=0.28, R, Nitrile=0.55). After disappearance of the
starting material was confirmed by TLC, the reaction mix-
ture was concentrated and redissolved in DCM. The organic
phase was washed with a solution of water (0.9 mL) and 5SM
NaOH (0.15 mL), and the organic layer was separated, dried
over anhydrous Na,SQO,, filtered and concentrated under
reduced pressure to yield a colorless oil. Column chroma-
tography (85% CH,Cl,, 15% Methanol, 1 drop NH,OH)
provided amine 18 (203 mg, 0.80 mmol, 49% vyield). 18: 'H
NMR: & 2.72 (m, 2H), 1.41 (m, 4H), 1.34 (m, 28H); '°C
NMR: 0 40.00, 38.86, 34.17, 32.42, 277.58, 26.93, 26.59;

HRMS for C,-H; ;N (M+H): 253.2789, found 253 277;

Anal. C,-H;:N, 0.2 H,O Theory: C, 79.43, H, 13.88, N, 5.45

Found: C, 79.24, H, 13.94, N, 5.37.

Methanesulfonic acid 3-[tert-butoxycarbonyl-(3-tert-

butoxycarboynlamino-propyl)-amino]-propyl ester
20

DiBoc 33 triamine alcohol 19'°” (3-tert-Butoxycarbo-
nylaminopropyl)-(3-hydroxypropyl) carbamic acid tert-bu-
tyl ester, 100 mg, 0.3 mmol) was added to TEA (127 uL, 0.9
mmol) and CH,Cl, (3 mL). Methane sulfonyl chloride (34.9
ul, 0.45 mmol) was added dropwise at 0° C. via syringe
under a nmitrogen atmosphere. Once the addition was com-

plete, the syringe was rinsed with CH,Cl, (0.6 mL). Reac-
tion progress monitored by TLC (5% MeOH/CH,Cl,, R,
alcohol 0.25; R, mesylate 0.37). After 24 h, 4M NaOH (5

ml.) was added with stirring. The organic layer was sepa-
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rated, dried over anhydrous Na,SO,, filtered and concen-
trated under reduced pressure to yield mesylate 20 (99 mg,

0.24 mmol, 80% yield).

19

'"H NMR (CD,OD): 8 3.55 (t, 2H), 3.28 (t, 2H), 3.24 (t,
2H), 3.04 (q, 2H), 1.62-1.81 (m, 4H), 1.44 (s, 9H), 1.42 (s,
OH).'%%

20

'HH NMR (CDCL,): 8 4.25 (t, 2H, I?,, ,~6.2 Hz), 3.28 (br
s, 4H), 3.11 (br s, 2H), 3.02 (s, 3H), 1.99 (m, 2H), 1.67 (m,
2H), 1.56 (s, 3H), 1.47 (s, 9H), 1.44 (m, 9H)

(3-tert-Butoxycarbonylamino-propyl)-[3-(2-cyclo-
pentadecylethylamino)-propyl]-carbamic acid tert-
butyl ester 21

2-Cyclopentadecyl-ethylamine 18 (0.07 g, 0.28 mmol)
was dissolved in CH,,Cl, and added to Na,CO, (75 mL, 1.79

mmol) while stirring at rt. D1 Boc Mesylate 20 (121 mg,
0.2957 mmol) was dissolved in CH,Cl, (1 mL) and added to
the solution dropwise. The reaction was stirred for 48 h and
was monitored by TLC (10% MeOH/CH,Cl,, R-0.34).
After the reaction was complete, CH,Cl, (2 mL) was
added and the solution was washed three times with aq.
Na,CO, (10% by w/v, 3 mL). The organic layer was sepa-
rated, dried over anhydrous Na,SQO,, filtered, and concen-

trated under reduced pressure to vield a crude yellow oil
(248 mg). Column chromatography (10% MeOH/CH,CL,,

followed by 10% MeOH/1% NH_,OH, CH,Cl,) provided the
crude as a clear o1l (60 mg, 0.106 mmol, 38% vyield) with a
self-cyclized starting material 22 which was separated by
running a second column (4.5% MeOH/CH,Cl,) to yield the
byproduct 22 (27.3 mg, 0.0572 mmol, 21% vield) and the
desired product 21 (32 mg, 0.056 mmol, 20% vield) as a
yellow oil.

21

'H NMR (CDCl,): & 3.31 (brs, 2H), 3.16 (br s, 2H), 3.03
(br s, 2H), 2.84 (br s, 4H), 2.06 (m, 2H), 1.65 (m, 4H), 1.40
(s, 18H), 1.36 (br s, 29H); '3C NMR: & 46.89, 44.97, 37.80,
34.55, 32.38, 31.26, 29.69, 29.06, 28.33, 27.46, 26.76,
26.60, 26.50, 24.98, 2425, 22.67. HRMS for
C,,H.CL,N,0, (M+H) 567.4973, found 567.4975.

22

'H NMR (CDCL,): & 4.25 (m, 2H), 3.30 (br s, 4H), 3.11
(s, 2H), 2.0 (m, 2H), 1.66 (m, 2H), 1.46 (s, 18H).

Bromomethyl-cyclopentadecane 23

The alcohol 15 (250 mg, 1.04 mmol) was placed under an
inert atmosphere. Phosphorus tribromide (0.52 mmol, 49
ul) was added by syringe. The reaction immediately turned
yellow and started bubbling and was stirred at rt for 1.5 h.
Hexane (3 mL) was added and the reaction was retluxed at
69° C. for another 1.5 h. The reaction turned a brownish
yellow color. The vessel was rinsed and the brown crude
(0.48 g) was 1solated. Column chromatography (100%
n-hexane) was performed (with a 30:1 ratio of silica gel:
crude) due to the large R, difference (R, 15: 0, R 23: 0.8).

Visualization of the TLC plate using phosphomolybdic acid
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and heat provided a convenient monitoring tool. The product
23 was 1solated and concentrated under reduced pressure to

yield a clear oil (0.21 g, 0.695 mmol, 67% vyield). 23: 'H
NMR (CDCL,): 8 3.38 (d, 2H, J°,,,,=6.1 Hz), 1.72 (m, 1H),
1.38 (br s, 28H); '°C NMR (CDCl,): & 40.39, 38.65, 31.17,
277.25, 26.87, 26.64, 26.53, 24.59.

Synthesis N-(2-Amino-ethyl)-N'-[2-(cyclopentade-
cylmethyl-amino)-ethyl]-ethane-1,2-diamine 23a

The free base of 2,2-tetraamine 24b was generated using
N,N'-Bis-(2-amino-ethyl)-ethane-1,2-diamine (3.00 g, 10.27
mmol, Sigma-Aldrich) with 4 equivalents of ag. NaOH (1M,
41 mmol, 41 mL). The water was removed and then dried by
adding and removing benzene under reduced pressure to

remove the excess water. Anhydrous Na,SO, (8 equivalents,
82.3 mmol, 11.69 g) was added to a dried vessel with 25%

MeOH/CH,CI, (530 mL). One equivalent of salicyclaldehyde
(10.27 mmol, 1.10 mL) 1n MeOH (10 mL) was then added
dropwise over 2 h at 0° C. while stirring. Upon addition of
the reagent, the reaction immediately turned yellow. Imine
formation was monitored by "H NMR. After imine forma-
tion, the additional reactive centers were protected with
di-tert-butyl dicarbonate (3 equiv., 30.87 mmol, 6.74 g) and
stirred overnight. The reaction progress was checked by 'H
NMR {for full bocylation and additional di-tert-butyl dicar-
bonate was then added (0.3 equiv., 0.67¢g) while heating at
40° C. overnight to drive the reaction to completion. The
reaction was again checked for N-bocylation and confirmed
to be complete. Then MeONH,HCI (10.27 mmol, 0.8578g)
was added 1n 1.5 mL of TEA. Note: MeONH, HCI] was
initially not soluble 1n the TEA, which was used to generate
the free base. Upon addition ot 25% MeOH/CH,C1, (5 mL)
the methoxyamine easily dissolved and the TEA/MeOH/
CH,CI, solution was then added dropwise to the stirring
solution. Imine cleavage was monitored by NMR. Note: an
oxime byproduct 1s formed via methoxyamine exchange
with the 1mine The MeOH was then removed under reduced
pressure, the residue was re-dissolved in CH,Cl, and then
washed with saturated Na,CO, (22g/100 mL solution, 10
ml.). The aqueous layer was extracted three times with
CH,CI, and then the organic layer was concentrated under
reduced pressure to yield a yellow o1l (3.65 g). The product

was separated from the crude by column chromatography
(1% NH,OH/10% MeOH/CH,Cl,, Product R, 25a: 0.65).

The product 25a eluted as a light yellow solid (1.48 g, 3.31
mmol, 32% vyield). 25a: C,,H,,N,O, '"H NMR (CDCL,): &
3.31 (br s, 10H), 2.84 (br s, 2H), 1.79 (br s, 2H), 1.46 (br s,
27H); °C NMR (CDCl,): & 155.52, 76.59, 46.24, 45.45,
40.24, 39.08, 28.06; HRMS for C,, H,,N,O, (M+H) Theory
446.3121, Found 446.3104; Anal C,,H,,N,0O0.2 H,O
Theory: C, 56.03, H, 9.49, N, 12.45 Found: C, 55.87, H,
9.39, N, 12.23.

N-[2-(2-Amino-ethylamino)-ethyl]-N'-(2-cyclopen-
tadecylamino-ethyl)-ethane-1,2-diamine 25b

The free base of tetracthylenepentamine pentahydrochlo-
ride 24c¢ (N-(2-Amino-ethyl)-N'-[2-(2-amino-ethylamino)-
cthyl]-ethane-1,2-diamine, Sigma Aldrich) (3 g, 8.07 mmol)
was generated with 5 equivalents of NaOH (40.4 mmol, 1.61
g, 40.35 mL). The water was then removed by addition of
benzene as an azeotrope and then removal of benzene under
reduced pressure. Anhydrous sodium sulfate was added
(64.6 mmol, 9.18 g) and 25% MecOH/DCM added as solvent
(30 mL). After the generation of the free base, one equiva-
lent of salicylaldehyde was added (8.07 mmol, 1.160 g/mlL.,
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850 ulL) to protect the terminal amine and the solution
immediately turned bright yellow. After protection was
complete by NMR, the remaining amines were protected
with di-tert-butyl dicarbonate (4 equivalents, 7.05 g, 32.29
mmol) and the reaction was heated at 40° C. overnight. After
complete bocylation was verified by NMR, the imine was
cleaved with 1 equivalent of methoxyamine (8.07 mmol,
0.674 ¢, 1n 1.13 mL of TEA and 5 mL of MeOH/CH,(Cl,)
and the disappearance of the imine peak at 8.34 ppm by 'H
NMR. After conversion to the free amine was complete, the
solvent (MeOH) was removed and residue was redissolved
in DCM and then washed with saturated aq. Na,CO, (30
ml.) to generate the free base. The organic layer was
separated, dried over anhydrous sodium sulfate, filtered and
concentrated to give a red brown solid (6.24 g). The crude

solid was separated by column chromatography (1%
NH,OH/10% MeOH/CH,CL,, product R, 25b: 0. 5) to gen-

crate a light red solid (1.23 g, 2.09 mmol 26% vyield). 25b:
"H NMR (CDCL,): 6 3.32 (brs, 14H), 2.86 (br s, 2H), 1.89
(brs, 2H), 1.46 (s, 36H).; °"C NMR (CDCl,): 8 156.12, 80.1,
50.12, 47.32, 45.772, 40.82, 39.40, 28.4; Anal C,qH..N.O4
Theory: C, 57.02, H, 9.40, N, 11.87 Found: C, 56.75, H,
9031, N, 11.61; HRMS for C,;H..N.O, (M+H) Theory
589.4079, Found 589.4051.

(2-tert-Butoxycarbonylamino-ethyl)-[ 2-(tert-butoxy-
carbonyl-cyclopentadecylmethyl-amino)-ethyl]-car-
bamic acid tert-butyl ester 27a

Triamine 24a (N1-(2-Amino-ethyl)-ethane-1,2-diamine,
Sigma, 255 mg, 2.47 mmol) was added to bromide 23 (250
mg, 0.82 mmol) dropwise imn CH,CN (3 mL) along with
K,CO, (1.17 g, 8.47 mmol) at 120° C. After 48 h, 'H NMR
showed complete disappearance of starting material and the
reaction was concentrated and ressuspended 1n DCM and
washed with 0.1M NaOH. The organic layer was separated,
dried over anhydrous Na,SQO,, filtered and concentrated to
give a light yellow o1l (272 mg). Di-tert-butyl dicarbonate
was added (540 mg, 2.47 mmol) 1n 25% MeOH/DCM (10
ml.) at 40° C. and the reaction stirred overnight. Bocylation
was assessed by NMR and when complete the reaction was
concentrated and redissolved in DCM and washed with aq.
Na,CO,. The organic layer was separated, dried over anhy-
drous sodium sulfate, filtered and concentrated under
reduced pressure to give a yellow o1l (706 mg). The crude

was then purified by column chromatography (2% MeOH/
DCM R,27a: 0.4) to give 27a as a viscous yellow o1l (154

mg, 25% yield). 27a: 'H NMR (CDCl,): 8 3.30 (m, 8H),
3.06 (m, 2H), 3.04 (m, 1H), 1.68 (s, 1H), 1.45 (s, 27H), 1.31
(br s, 28H). *°C NMR (CDCl,): 8. 155.85, 79.89, 52.46,
46.72, 45.50, 39.78, 36.20, 30.17, 28.42, 26.76, 24.43;
HRMS for C,.H.,N,O, (M+H): theory 625.5043; found
625.5030; Anal Calcd for C,H.,N,O,: theory C, 67.16, H,
10.79, N, 6.71; found C, 67.42, H, 1092, N, 6.63.

[2-(tert-Butoxycarbonyl-{2-[tert-butoxycarbonyl-(2-
tert-butoxycarbonylamino-ethyl)-amino]-ethyl } -
amino )-ethyl]-cyclopentadecylmethyl-carbamic acid
tert-butyl ester 27b

Triethylene tetra-amine tetra HCl (N,N'-Bis-(2-amino-
cthyl)-ethane-1,2-diamine, Sigma) (1.0 g, 3.42 mmol) was
dissolved in 1M NaOH (13.8 mL) to give the free tetraamine
base 24b. The aqueous layer was then removed and chased

with benzene for complete water removal to give dry 24b
plus NaCl. Mesylate 16 (628 mg, 2 mmol) was dissolved in

CH,CN with K,CO; (391 mg: 2.83 mmol), the reaction
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showed complete conversion after 72 h at 50° C. by 'H
NMR. The reaction was concentrated to provide a residue,
which was dissolved in DCM and washed with 0.1M NaOH

(30 mL). A difficult emulsion ensued. The organic layer was
separated, dried over anhydrous Na,SO,, filtered and con-
centrated to give organic layer #1. The remaining emulsion/
aqueous layer was concentrated and re-dissolved in DCM at

a lower temperature and any remaining precipitates were
filtered ofl. The precipitates were washed with DCM and the
organic filtrate was pooled with organic layer #1 and con-
centrated to give a yellow viscous o1l (806 mg). The crude
o1l was re-dissolved 1 25% MeOH/DCM and reacted with
di-tert-butyl dicarbonate (8.75 mmol, 1.91 g). The reaction
was monitored for bocylation by NMR and then worked up
in saturated aq. Na,CO, and DCM. The organic layer was
separated, dried over anhydrous Na,SQO,, filtered and con-
centrated to give a yellow o1l (1.57 g). Column chromatog-
raphy (25% EtOAc/hexanes, R, 27b: 0.39) gave 27b as a

viscous o1l (383 mg, 0.5 mmol, 25% vield).

2'7b

"H NMR (CDCL,): 8 3.32 (m, 12H), 3.08 (br s, 1H), 3.03
(br s, 2H), 1.46 (s, 36H), 1.33 (br s, 29H); l3C NMR
(CDC13) 0 155.4, 80.16, 79.41, 51.68, 45.41, 36.13, 35.78,
36.13, 35.78, 30.18, 28 43, 26 77, 26 38, 24 44 HRMS
C,,HyoNLOs (M+H) Theory: 768.5987, Found: 768.5976;
Anal Calcd C,,Hi N, O, Theory: C, 65.59, H, 10.48, N, 7.28
Found: C, 65.89, H, 10.64, N, 7.26.

| 2-(Cyclopentadecylmethyl-amino)-ethyl]-carbamic
acid tert-butyl ester 27¢

The commercially-available mono N-Boc diamine 28
((2-Amino-ethyl)-carbamic acid tert-butyl ester, Sigma, 286
mg, 1.78 mmol) was added to mesylate 16 (508 mg, 1.59
mmol) in CH;CN (20 mL) with K,CO; (0.72 g) at 50° C.
After 5 days the reaction showed 50% conversion, most of
the CH,CN was stripped off (leaving 5 mL) and heated
ovemlght for complete conversion. The solvent was
removed under reduced pressure, re-dissolved in DCM and
washed with water. The crude (620 mg) was then purified by
column chromatography (7% MecOH/DCM Rf 27c: 0.4) to
give 27¢ as a clear o1l (75 mg, 0.196 mmol, 12% yield) as
well as a large amount of what appeared to be a cyclized urea
byproduct 27d (250 mg) 27c: '"H NMR (CD,O): & 3.23
(broad s, 2H), 2.78 (br s, 2H), 2.60 (br s, 2H), 1.63 (s, 1H),
1.45 (s, 9H), 1.37 (br s, 28H); "*C NMR (CD,0): & 150.80,
68.01, 50.44, 31.87, 28.88, 28.22, 28.03, 27.91, 27.75;
HRMS for C, H,N,O, (M+H) Theory: 382.3558 Found:
382.3559; Anal Calcd for C,;H, N,O, 0.3 H,O: theory C,
71.19, H, 12.10, N, 7.22; found C, 71.02, H, 12.05, N, 7.20.
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While various embodiments of the present invention have
been shown and described herein, 1t will be obvious that
such embodiments are provided by way of example only.
Numerous variations, changes and substitutions may be
made without departing from the invention herein. Accord-
ingly, it 1s intended that the invention be limited only by the
spirit and scope of the appended claims. The full disclosure
of cited references are incorporated herein in their entirety to
the extent not inconsistent with the teachings herein.

The mvention claimed 1s:

1. A method of treating a microbe infection 1n a subject in
need of treatment, comprising admimstering an eflective
amount of one or more compounds of the following formula:

\

(U X—Y—(CH;),NH—(CH,);NR R,

/

where n=10-13; X=CH; Y=CH, or N; a=2-8; b=0-8; R,=H
or alkyl or alkylamino or alkyl-N-alkylamino or alkylpo-
lyamino; alkylalcohol or alkyl-O-alkylamino or polyether;
alkylamide and R2=H or Me; or a pharmaceutically accept-
able salt thereof:

16a
H
N N
N~ j(\/
O
%
OH
OH
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-continued

N N
O

*l%ﬁoﬁi

16b

OH

16¢

10

15

20

25

30

42
-continued
%ﬂ%
OH %

OH;

wherein z = 2-16

or a pharmaceutically acceptable salt thereof;
and optionally co-administering an antibiotic.

2. The method of claim 1, wherein the antibiotic 1s
selected from the group consisting of amoxicillin, doxycy-
cline, erythromycin, chloramphenicol, cephalexin, cipro-
floxacin, clindamycin, methicillin, metromdazole, penicil-

lin, rifampicin, azithromycin, sulfamethoxazole/
trimethoprim, amoxicillin/clavulanate, levofloxacin, and
vancomycin.

3. The method of claim 1, wherein the antibiotic 1s
selected from the group consisting of ampicillin, vancomy-
cin, gentamicin, tetracycline, chloramphenicol, rifampin,
norfloxacin, rifaximin, tigecycline, furazolidone, triclosan,
cefoperazone, silver sulfadiazine, dapsone, gemifloxacin,
sulfadimidine, enoxacin, sulfisoxazole, ceftolozane, pronto-
s1l, sulfapyridine, sulfamerazine, grepatloxacin, sulfame-
thoxypyridazine, sulfalene, acetic acid/hydrocortisone, sul-
faphenazole, sulfametoxydiazine, sulfamoxole,
sulfabenzamide, sulfametrole, viridicatumtoxin B, sulfame-
tomidine, sulfaperin, and sulfathiourea.

4. The method of claim 1, wherein the antibiotic 1s
cllective at a lower dosage in combination with the one or
more compounds than without the one or more compounds.
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